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Studies on Helminthosporium blight of rice plants* 


V. Effect of copper sulphate on the germination of the causal 
fungus, Cochliobolus (Ophiobolus) miyabeanus. 
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Since the discovery of Bordeaux mixture, copper sulphate is known as one of 
the most important fungicides. There are a large number of investigations referred 
to the fungicidal effect of copper sulphate to pathogenic fungi (2,3,4,5,6). Yet 
little is known of the mechanism of their fungicidal action. In clarifying the 
mechanism, however, many investigators have paid utmost efforts in this field. 
MIYAHARA (6) reported the influence of environmental factors to the fungicidal 
action of diluted copper sulphate solution upon the conidia germination of Cochlio- 
bolus miyabeanus. Ina et al. (5) studied the effect of copper sulphate upon the 
conidia germination and the mycelial growth of the same fungus. 

It is said that spores of pathogenic fungi which adsorbed copper-iones in copper 
sulphate solution, may germinate in distilled water, after suspending them in acid 
solution. BopnAr et al. (2,3, 4) actually performed the investigations‘on copper-iones 
adsorption by smut spores of TiJletia tritici in copper sulphate solution. According 
to their investigations the inhibition of germination took place in copper-adsorbed 
smut spores. After the spores were immersed in an acid solution, however, they 
recovered the germinability again. 

In the present paper we shall deal with the results of investigations on the 
copper adsorption of conidia of Cochliobolus miyabeanus in diluted copper sulphate 
solution, and the germination of these conidia. 


Materials and method 


Cochliobolus miyabeanus, the culture strain.No. 13 was used. A small piece of 
the mycelial mat was placed on a poured agar medium of potato decoction, contain- 
ing three per cent sucrose, in test tube, After the incubation of eighteen days at 
28°C conidia were collected by rubbing slightly the surface of culture slant with a 
writing brush and by washing it with sterilized distilled water. ‘Thus, the conidia 


* Contributions from the Laboratory of Phytopathology, Kyoto Univ., No. 24. 
The present study has been made in part by the aid granted for scientific researches by the 
Ministry of Education. We wish to express our grateful acknowledgement. 
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suspension was obtained. The suspension was filtered several times with gauze, for 
removing relatively laree mixtures, and then was centrifuged to remove minute 
mixtures, The suspension was filtered again through glass-filter to isolate conidia 
from water. Thereafter, the fresh weight of conidia was measured. 

The concentration of copper sulphate solution was determined exactly by the 
electrolytic analysis (1,7). Every 15ml. of the solution was put exactly into 50 ml. 
flasks with pipette. 0.25 gr. of conidia was added on each of them. After shaken 
well, flasks were plugged with gum stoppers, and they were kept in an incubator 
of 28°C. After one hour, the conidia were recollected by centrifuging the suspen- 
sion. The residual copper sulphate in the filtrate was measured analytically. Thus, 
the amount of copper adsorbed in conidia was determined indirectly. 

The germination test of these copper-adsorbed conidia was performed at 28°C 
in distilled water. The germination percentage was calculated after four or twenty 
four hours. Moreover, an elution test of copper being adsorbed in these conidia 
was performed. Every 25 ml. of 0.1 per cent hydrochloric acid, pH 1 and 3 hydro- 
chioric acid solutions, distilled water (pH 6.3), and of natrium hydroxide (pH 8) was 
poured into 50ml. flasks respectively. One loopful conidia suspension of platinum 
needle was added in each of them. They were shaken well. After thirty minutes, 


they were filtered and washed with 


3 sterilized distilled water. Imme- 
of "diately after the filtration, the ger- 
sy 8 mination was carried out in distilled 

: 5 water under 28°C. 
e ae a. 
E ee 8 The results of the experiments 
7 sts 8 At first, an adsorption test of 
oe g copper by conidia was carried out 
& Ste MA in 2, 1,05 and 0.25 per cent solu- 
3 Scour f ae of copper ng te respectively 
20: se RNY (Fig. 1). A considerable amount of 
@ copper was adsorbed by conidia 
i from two per cent solution of copper 
0: 0,25.0,5.. 1,0 ra 2 Ge i sulphate. In this case, only 23.1 per 
concentration of CuS0, cent (after four hours) or 34.9 per 
Fig. 1. Adsorption of copper by conidia in cent. Cattenred hours) yeermination 
the different concentration of copper sulphate of conidia was obtained. The ger- 
solution and its effect upon conidia germination. mination percentage of conidia 


— ®— germination of conidia after 4 hours in 
distilled water 
—%X— germination of conidia after 24 hours in SEEN of copper adsorbed Pig. 1). 


distilled water In 0.25 per cent plot, 47.6 to 57.6 
—A— adsorption of copper per 100 gr. conidia 


decreased inversely with increased 


per cent of conidia germinated. 
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Whereas, in the check lot the ger- 


mination percentage was 86.5 to Ree s——~_, 
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conidia were performed. Conidia 
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solution of copper sulphate respec- 
tively under 28°C. After one hour, 


they were filtered and washed with : d0l- i 

distilled water. Then, they were e \ 

suspended in the above-mentioned = 

solutions of different hydrogen-ion aa AM Mas 
alt 3 5 eon 


concentration for eluting copper. pH of solution for elution 


After recollecting conidia, the ger- Fig. 2. Relation between pH of the solution 
in which the treated conidia were suspended for 
washing out copper and the germination of these 
conidia. 5 

—@— germination of conidia after four hours 


mination test was made. The degree 
of elution was judged from the 


germination per centage of the 


conidia. It showed a good result, 
similar to that of normal untreated 
conidia, when they were treated 
with acid, e.g., HCl solution. In 
alkali e.g. NaOH, however, the 
elution of copper did not practically 
occur, showing a poor germination 


in distilled water; conidia were treated 
in 2% CuSOg4 solution for one hour. 
—xX-— germination of conidia after 24 hours 
in distilled water; conidia were treated 
in 2% CuSO, solution for one hour. 
—®@ — germination of conidia after 4 hours, 
in distilled water; conidia were treated 
in 0.5% CuSOjq solution for one hour. 
—A— germination of conidia after 24 hours 


in distilled water; conidia were treated 


of conidia. In this case (pH 8), the 
in 0.5% CuSO, solution for one hour. 


germination percentage is lower 
than that of conidia treated in distilled water (pH 6.3) (Fig. 2). 

Investigations on the relation between the treated time of conidia in copper 
sulphate solution and the adsorption of copper were also performed. Every 0.25 
grm. of conidia of the causal fungus was added in 15ml. of 1 per cent copper 
sulphate solution in flasks. They were kept at 28°C. and filtered at given intervals 
respectively. In a definite concentration of copper sulphate, an increase of copper 
adsorption took place with the duration during which conidia were suspended in the 
solution. In this case, the more copper was adsorbed in conidia, the less germina- 
tion of conidia took place. In the plot, where conidia were kept twenty four hours 
in copper sulphate solution, no germination was found (Fig. 3). 

A further test on washing out of copper in these conidia has been made. From 
the results represented in Fig. 4, it is clear that washing out of copper is better in 
acid solution, and in alkali no elution occurs practically in the same manner as in 
Fig. 2. In the plot, where conidia were suspended for fifteen minutes in the solu- 


tions, a good elution of copper took place in hydrochloric acid solutions. In the 
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Fig. 3. Treated time of conidia in 1 per cent copper sulphate solution, 


its effect upon the germination of these treated conidia. 
—@®— germination of treated conidia after 4 hours in distilled water. 
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other plot, however, where conidia were treated for twenty four hours, elution of 
copper scarcely occurred even in hydrochloric acid. The germination of conidia did 
not occur entirely, when the conidia were treated by natrium hydroxide ( pH 8) or 
distilled water (pH 6.3) (Fig. 4). 


Resume 


1. In the present paper we described the results of investigations on the 
adsorption of copper in conidia of Cochliobolus miyabeanus and the elution of 
copper. 

2. Adsorption of copper by conidia took place more markedly in concentrated 
copper sulphate solution than in diluted one. In this case, conidia adsorbed copper 
in abundance showed low percentage of germination. 

3. The degree of elution of copper from the conidia was judged from their 
germination per centage. When they were treated in hydrochloric acid solutions 
(pH 1 or 3), the elution occurred remarkably showing a good germination of conidia. 


In alkaline solution, however, the elution did not practically occur. 
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The plant-spermatozoid was discovered in Sphagnum by Nees von Esenbeck in 
1822 and the development of the spermatozoid was studied by the same author in 
Pieris serrulata in 1824. In 1844 Négeli observed the movement of the spermatozoid 
in ferns and the cytomorphological studies on the plant-spermatozoid were under- 
taken by Schacht (1864), Schottlander (1892), Zaccharias (1881) and Sharp (1912, 14) 
etc. In 1930 Miihldorf reported the detailed cytomorphological study on the Sphag- 
num-spermatozoid and in the same year Dracinschi on the spermatozoid of Equisetum 
and Pilularta. 

Sakisaka and Sinoto (1930) studied cytomorphologically the plant-spermatozoids 
and thought their morphological features as the taxonomical characteristics. Since 
1932 the present author investigated cytomorphologically the spermatozoids of 
Pteridophyta and the other plants. Here the results obtained by him was stated 
from the phylogenetic view-point. 


The spermatozoid of Pteridophyta 


The spermatozoid of Pteridophyta, especially Eufilicineae, is, in general, composed 
of nucleus, cilia-fearing band, border-brim, lateral bar, cilia. and cytoplasm-vesicle, 
as stated in 1938. (Fig. 1,2) The form of nucleus, the form and length of the 
anterior end of the nucleus, the length of the border-brim, the number of cilia, the 
arrangement of cilia on the surface of cilia-bearing band, all of these features are 
thought to be characterristic to the species. 

The spermatozoids are different according to the species in the number of cilia, 
the manner of the attachment of cilia to the cilia-bearing band or the form of the 
nucleus. In Selaginella and Lycopodium the spermatozoid has two flagella, while in 
the other Pteridophytic plants the spematozoid has many cilia altos average 
number is almost constant in every species. 

Concerning the spermatozoids of Pteridophyta in which the spermatozoid must 
swim quickly in water to reach the egg-cell, it is necessary that the spermatozoid 
is slender-form, composing of many coils, and has many cilia. From this point of 


* Contribution from the Biologicai Institute, College of General Education, University of Tokyo. 
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Fig. 1. Spermatozoids of Pteridophytic plants. 
a, Selaginella involvens. xca. 3000. b, Isoetes japonica. x ca. 1500. 


c, Isoetes asiatica. 


xca. 2000. d, Salvinia natans. xca. 1100. e, Marsilia densiflora. x ca, 1500. f, Pteris 


cretica var. albo-lineata. xca. 1600. (Original) 


Fig. 2. Spermatozoids of Eufilicineae. 
a,c,e, in living state. b, d, f, extended spermatozoid. cilia are not shown. a,b, Alsophila 


Martensiana. xca. 1500. c,d, Athyrium nipponicum. ca. 1500. 
japonica. x ca. 1500. (Original) 


e,f, Notogramme 
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view Lycopodium and Selaginella which have two flagella are thought to be primi- 
tive. They have the spermatozoid which has no border-brim and whose flagella 
are attached to the basal grains. In Jsoetes the basal grain differenciates into two 
portions, namely the border-brim and the triangulJar cilia-bearing band on whose 
one side of the surface there develop the cilia. The number of cilia is eleven in 
Isoetes japonica and eight in Isoetes asiatica (Fig. Lebic). 


Fig. 3. Diagramm showing the phylogenetic relation between Pteridophyta and the 
other plant-groups, from the cytomorphological view-point on reproductive cells. 


a-o, Spermatozoids. p, germinating pollen. a, Lycopodium. b,c, Selagizella. d, Isoetes. 
e, Botrychium. {, Ophioglossum. g, Equisetum. h, Salvinia. i, Marsilia. j, Marattia. 
k-m, Eufilicineae. n, Cycas. o, Ginkgo. p, Angiosbermaec. (Original) 


As the evolution proceeds the nucleus of the spermatozoid gradually becomes 
more slender band-form in one type and rounder pear-form in the other type. The 
former type contains the spermatozoids of Equisetum, Ophioglossum and Botrychium 
and the latter type contains those of Eufilicineae, Salvinia, Massilia and Marattia 
etc. 

In Equisetum, Ophioglossum and Botrychium the nucleus is round and its an- 
terior end does not reach at the anterior end of the body (Fig. 3, e, f, g). 
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In Salvinia and Marsilia the anterior end of the nucleus does not reach at the 
anterior end of the body (Fig. 3, h,i). Cilia arrange on one side of the surface of 
Cilia-bearing band. 

In Eufilicineae the nucleus of the spermatozoid is slender, composing of many 
coils. The anterior end of the nucleus reaches at the anterior end of the body in 
some ferns and does not reach in the other ones. The cilia are arranged in one 
raw, 1-2-3-2-1 raws, 1-2-1 raws at random (Fig. 3, k-m). The mode of arrange- 
ment is specific according to the species. 

In Gymnospermae, namely in Cycas and Ginkgo, the spermatozoid has the 
nucleus of round form and only the blepharoplast is bandform-spiral which is com- 
posed of the border-brim, cilia-bearing band and cilia (Fig. 3, n,o). Cilia are 
numerous, but they are very short. This structure of the spermatozoid is thought 
to be caused by the fact that the spermatozoid is not required to swim so quickly. 
In Angiospermae the spermatozoid has changed into the male cell, which is round 


form showing no cilia. 


The spermatozoid of Bryophyta 


The spermatozoid of Bryophyta has two flagella. Its nucleus is slender thread- 
like. It resembles with that of Jsoetes. In Dumortiera the spermatozoid has also 
two flagella, but sometimes it has four and resembles with that of Isoetes (Fig. 4, i). 
It has the border-brim at the anterior portion of the cilia-bearing band, at both of 
whose margin two flagella develop. In JIsoetes, however, the triangular cilia-bearing 
band is bounded by the border-brim. Upon one side of the surface of the cilia- 
bearing band eleven cilia develop in Isoetes japonica and eight in Isoetes asiatica. 

Judging from only the morphology of the spermatozoid Dumortiera seems to 
have some phylogenetic relation with Isoefes (Fig. 4). 

In Dumortiera the normal spermatozoid has one flagellum at each side of the 
cilia-bearing band and the same structure of the spermatozoid is observed also in 
Fegatella (Fig. 4, a). One flagella is attached symmetrically at each side of the 
cilia-bearing band in Dumortiera and Fegatella, but in Chiloscyaphus one flagella 
develops asymmetrically at each side of the cilia-bearing band. 

In Chiloscyaphus the spermatozoid has the border-brim at the anterior portion 
of the cilia-bearing band, but in Plagiochila and Funaria the cilia-bearing band has 
no border-brim (Fig. 4, b,c, d). 

If the basal grains and the border-brim as shown in the spermatozoid of 
Fegatella comes into one point the type appears as shown in Lycopodium of Pterido- 
phyta. In Selaginella involvens of Pteridophyta two flagella develop from one por- 
tion of the blepharoplast. One of these two flagella attaches to the blepharoplast 
with its whole basal portion. In S. martensii f. watosoni and S. pulmosa two 
flagella attach at different two portions respectively. In Sphagnum two flagella also 
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Fig. 4. Diagramm showing the phylogenic relation between Pteridophyta and 
Bryophyta, from the cytomorphological view-point on spermatozoids. Only anterior 
portion of the spermatozoid is shown. 


a, Fegatella. b, Chiloscyaphys. c, Plagiochila. d, Funaria. e, Lycopodium. f, Selagi- 
nella involvens. g, Selaginella Martensti £. Watosoni and S. pulmosa. h, Sphagnum. 
i, Dumortiera. j, Isoetes. After Dracinsch, Mthldorf and Yuasa). 


attach at different portions, one of which show specific form at its basal portion 
(Fig. 4, h). 

As shown above, the phylogenetic relation can be shown between Bryophyta and 
Pteridophyta when the spermatozoid is observed cytomorphologically. The border- 
brim gradually develops from Bryophyta to Pteridophyta and disappears in Gymno- 
spermae except in Cycas and Ginkgo. The nucleus of the male reproductive cell 
gradually approaches to the round form and changes into the round form in 
Gymnospermae and Angiospermae. In Angiospermae, sometimes the sperm-nucleus 
shows the spiral form directly before the fertilization as seen in Fvitillaria (Sax 
1918), Lilium (CWelsford 1914) and Monotropa (Yuasa unpublished) etc. This fact 
means that the male nucleus has some relation with the spermatozoid of spiral 


form. 


Spermatoteleosis and phylogeny 


In Bryophyta the spherical blepharoplast which has appeared in the spermatid 
elongates into thread-like form towards the nucleus and contacts with nucleus by 
means of its posterior end. At this stage the nucleus gradually changes its form 
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and becomes a rod-like body. At last, both the blepharoplast and the nucleus 
completes the spermatozoid (Fig. 5, a). Sometimes the so-called “Nebenkern ” exists 
between the blepharoplast and the nucleus (Ikeno 1907) (Fig. 5, b). 

The mode of spermatoteleosis completely coincides with that in Selaginella 


(Fig. 5, e). In these types of spermatoteleosis the blepharoplast does not change 


into spiral form. 
a 
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Fig. 5. Spermatoteleosis of various plants, schematically shown. 


a, Hepaticae. b, The same, “Nebenkern” exists. c, Musci. d, Eufilicineae. e, Selagi-nella. 
f, Equisetum. g, Chara. h, Ginkgo. (Original) 
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In Eufilicineae the spherical blepharoplast elongates into bandform and differen- 
tiates into the border-brim and the cilia-bearing band. The blepharoplast thus coils 
in spiral together with the nucleus (Fig. 5, d). In Equisetum the nucleus of the 
spermatozoid is not the band-form, which coils in spiral, and is rather round form 
igs bt). 


Fig. 6. Spermatozoids of Hepaticae. 


a, Marchantia polymorpha x ca. 2900. b, Anthoceros laevis. x ca. 4400. (Original) 


In spermatoteleosis of Ginkgo only the blepharoplast changes into spiral band, 
but the nucleus is round-form (Fig. 5, h). The spiral blepharoplast is also seen in 
Chara in which the nucleus of the spermatid also changes into spiral after the 
blepharoplast contacts with the nucleus (Fig. 5, g). 

How does the plastid behave in spermatoteleosis? In Hepatics the completed 
spermatozoid has a plastid in its cytoplasmic portion which is attached to the 
posterior portion of the spermatozoid-body and bring the plastid into the egg-cell 
in fertilization (Fig. 6). In Selaginella, three grains which are thought to contain 
plastids are seen in the spermatid during spermatoteleosis, which are attached to 
the posterior end of the spermatozoid-body, but are thrown off during the swimming 
of the spermatozoid. ; 


In Eufilicineae the completed spermatozoid has several plastids in its cytoplasm 
and throws off during its swimming. 


Accordingly, in Hepatics the plastids on both male and female side appear in 


the cells of the next generation after fertilization. But, in Eufilicineae the plastids 


are inherited maternally. In Amnthoceros the spermatozoid brings the plastid into 


the egg-cell, but the fertilized egg has only one plastid. So the behaviour of the 
plastid on male side must be pursued. 


The genetical behaviour of plastids is also able to be taken into consideration: to 
study the phylogeny. 
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Conclusion 


The spermatozoids of Bryophyta and Pteridophyta have considerable specific 
characteristics to the species respectively. 

From the cytomorphological study of the spermatozoid some points of phylogeny 
can be cleared up. 

The mode of spermatoteleosis and the genetical behaviour of the plastid are 
also able to be taken into consideration to study the phylogeny. 


The expences for this study were partly defrayed by the grant from the Science 
Research Fund, Ministry of Education. 
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Morphological Study 


Glechoma hederacea L. (Nepeta Glechoma Benth.), distributed widely in Eurasia 
and also naturalized to ofher parts of the world, includes several races which are 
discriminated by outer morphological characters. Among them subsp. hirsuta Her- 
mann (G. hirsuta Waldstein et Kitaibel) of south-eastern Europe is the most distinct 
race which is often regarded as a separate species. East Asiatic populations show 
somewhat intermediate characters between typical G. hederacea and its subsp. 
hirsuta, and they have hitherto been treated under various names of different ranks. 

After examining a large number of living and herbarium materials from Japan, 
it became clear that the Japanese race differs from typical G. hederacea of 
Europe in having pilose stems and petioles with long patent hairs, larger flowers of 
more purple tint, and longer calyx-lobes. Vigorous runners of the Japanese race 
attain more than Dae long in summer, and its leaves up to 4cm in diameter. 
Typical G. hederacea (subsp. glabriuscula Hermann) is generally more slender, and 
has stems and leaves glabrescent except the node or with scattered short hairs, 
darker green lustrous leaves, smaller flowers less than 2cm long and more bluish, 
and shorter calyx-lobes. Compared with the Japanese race, subsp. hirsuta has more 
densely hirsute stems and leaves with long hairs, blue flowers, and lanceolate calyx- 
lobes. 

In Europe this species is most variable in the south-western part, and some 
forms tiete approach to East Asiatic plants, but they do not seem to be exactly 
identical with the latter. 

In the Japanese race too, the amount of hairs, the size of flowers, and the shape 
of calyx-lobes, are variable to some extent. Particularly the size of flowers varies 
according to the condition of the habitat, and attention should be paid also to the 
fact that the plant tends to be gynodioecious in East Asia as well as in Europe. 
The corolla of the Japanese race is (15) 18—25 (28)mm long, and long exserted 
from the calyx in hermaphrodite flowers with 4 normal stamens, and its lower lip 
is 8—11 mm long (Fig. 1, A). While in female flowers with sterile or abortive an- 
thers, the corolla is smaller and (8) 10—14 (15) mm long, its tube is shortly exserted 


1) Contributions from the Divisions of Genetics and of Cytology, Botanical Institute, Faculty of 
Science, University of Tokyo, No. 349. The present study was supported partly by grants from 
the Scientific Research Fund of Ministry of Education. 


16 ma wm S RE R88 67 BH 787—788 & maa 29 4 1—2 8 


Fig. 1. Glechoma hederacea subsp. grandis. 
A, a. Hermaphrodite flower (A, x2). B, b. Female flower (B, x2). 
C, c. Abnormal flower with petaloid staminodes. (a,b,c. Stamens or 
staminodes ). 


from the calyx, and its lower lip is smaller, 4—6 (—8) mm long, and is often slightly 
rolled inwards (Fig. 1, B). Each individual usually bears one of these two kinds of 
flowers every year. But rarely the two kinds of flowers are found mixed on one 
individual, and in an extreme case two different flowers, one which is large and 
24mm long with 4 normal stamens, and the other which is smaller and 14mm long 
with abortive anthers, open side by side at the same node of a branch. Abnormality 
in flowers, especially in stamens, is also sometimes observed in the field. Abortive 
stamens of female flowers often become petaloid showing various irregular forms. 
In certain flowers the number of staminodes increases from 4 to 6, and some cf them 
are perfectly free from the corolla (Fig. 1,C). A white-flowered form rarely occurs 
in Japan too, and a variegated form with leaves beautifully blotched with white has 
long been known in the Japanese garden. 

Herbarium materials from Korea, China and Formosa agree fairy well with the 
Japanese ones in having larger flowers and long calyx-lobes often with longer 
spinules at the top, but stems are generally pilose only with short hairs. Some 
specimens from Central China, however, come near to the Japanese ones having 
longer hairs on stems, and a few specimens from Japan, on the contrary, have stems 
with short hairs only. Thus the distinction between the Japanese and the Chinese 
races is not so clear as that between the East Asiatic and the European ones. 


Cytological Study 


Wild plants, collected at Omura City, Nagasaki Prefecture in Kyushu, Kyoto 
City in Kinki District, Karuizawa (ca. 1000m high above sea-level) in Nagano Pre- 
fecture, Mt. Takao in Tokyo-to, and Shiki in Saitama Prefecture, and a variegated 
form in cultivation, are studied cytologically. A few plants came from Louisville, 
Kentucky, U.S.A. by the favour of Dr. Davis, are also studied. 


a eee 


Jan.—Feb. 1954 Bot. Mag. Tokyo, Vol. 67, No. 787—788 17 


Freshly grown roots from runners are fixed in Carnoy’s acetic alcohol for 24 
hours. The chromosome number and the karyotype are determined in the ordinal 
root tip smear preparations stained with acetocarmine. As the chromosome size is 
small, the position of the kinetochore of chromosomes is determined by means of 
phase contrast microscope. The chromosome behaviour in meiosis has not yet been 
studied for lack of suitable buds. Meiosis occurs in a tiny bud less than 2mm long. 

The chromosome number of all plants studied is 36 in the root tip cells with- 
out exception. Figure 2 shows a 


metaphase plate with 36 chromo- 

somes of the somatic cell of a plant ee ~~ MA 
collected at Kyoto. The chromosome } 4 
length ranges from 15y to 2.4. AS OSS 

The karyotype could scarcely be (WO « oe te Se 
analysed on this figure. Figure 3 JD )< 
shows a phase contrast microscopic Yew) 


early metaphase plate of the root 


{ip cells of a plant collected at ayy (AZ| 
Shiki. There are also 36 chromo- IY 


somes, and here certain distinct 


feature of the chromosomes could Fig. 2. Somatic chromosomes at metaphase. 
x 7,500 


be seen, owing to the larger size of 


the chromosomes than that seen at 


Fig. 3. Somatic chromosomes at early-metaphase, drawn by 
phase contrast microscope. 7,500 
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Fig. 4. Ten groups of somatic chromosomes; number of elements of 
each group is given beneath. ~ 7,100. 


metaphase. They are classified into ten groups as shown in Fig. 4. The chromosome 
length of each group follows: 

Group J—IV, 2.2 ~—2.6 4, 16 chromosomes 

Group V and VI, 3.1 ~.—3.4 uw, 6 chromosomes 

Group VII—X, 3.4 u—3.6 uw, 14 chromosomes. 

The chromosomes of Group J, IJ, IV, IX, and X, twenty in total, are median, 
and the rest, 16 in total, are submedian. Eight chromosomes have the secondary 
constriction on one or both arms. These Sat-chromosomes seem to belong to Group 
VI and X. Numbers of the elements of each group are given under the representa- 
tive chromosome. These ten groups could be further assorted into four classes, 
namely grouping each two, I and IV, II and III, and IX and X, into each one class, 
and the rest, V, VI, VII, and VIII, into the fourth class. Numbers of the element 
chromosomes in four classes are 7, 13, 9, and 7, in the order from the first class 
to the fourth. 

The rather high frequency of sterile pollen grains is observed in all plants. 
Pollen abnormalities of the plant from Shiki are shown in Table 1. Pollen size 
ranges from 25 yw to 80 in the long diameter: the mean diameter length of ap- 
parent normal pollens, well stained in the acetocarmine preparation, is 58.4 4, while 
that of abortive ones ranges from 25 u to 84. About seven tenth portions of the 


Table 1. Pollen abnormalities of the plant from Shiki (2n=36) 


Apparent normal pollen Abortive pollen 
(well stained) (not, or slightly stained) Total 
Diameter (1) Frequency Diameter (p.) Frequency 
35—39 1 29—34 35 
40—44, 0 35—44, 41 
45—49 6 45 —54 Al 
50—54 17 55—64 28 
55—59 82 65—74 6 
a 

60 -64 34 75—84 2 
65—69 24 

164 153° 4 317 

| in Mende 
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apparent normal pollen grains, those ranging from 55 b& to 64, seem to be normal 
(designated a in Table 1). Pollen grains, ranging from 254 to 44m, are unstained 
and abortive ; those, ranging from 45 bs to 84 yw, are lightly stained and abortive. T hus, 
it seems likely that this plant is highly pollen sterile, This fact suggests that this 
plant is a structural hybrid in the karyological condition. 

The chromosome number of Glechoma hederacea (Nepeta Glechoma) has been 
reported as n=9 or 2n=18 (Sugiura, 1939 & 1940; Scheerer, 1940; Suzuka and Koriba, 
1952), as 2n=24 (Love and Léve, 1942), and as 2n=36 (Rutland, 1941; Fedfoldy, 
1947; Taylor, 1949). Studying the meiotic chromosome of several species of Nepeta, 
Sugiura has determined n=9 in N. macrantha, N. nuda, and N. Glechoma, and n=18 
in N. Cataria, N. grandiflora, and N. kokanica, and he suggested a current basic 
number of this genus to be 9 and a theoretical one to be 3. Darlington and 
Janaki-Ammal (1945) considered also the basic number of Nepeta as 9. Tischler 
(1950), however, suggested the basic number of Glechoma to be 6, basing on two 
facts, namely, in first, a report by Scheerer (1940) who found a certain degree of 
‘pollen sterility in plants having 18 somatic chromosomes, in second, a report by 
Love and Love (1942), who found plants having 24 somatic chromosomes. The 
former should be triploid, and the latter, tetraploid. 


Table 2. Distribution of the chromosome number in Labiatae (114 species) 


2n Frequency 2n Frequency 
10 4 34 1 

12 2 36 11 

14 3) 38 ; 

16 5 40 1 

18 14, 48 6 

20 6 54 6 

22 a 56 1 

24 10 64, 7 

30 5 others 15 
323 13 Par Erol pm FOE LEAT 


Distribution of the chromosome number of 114 species in Labiatae is tabulated 
in Table 2. It is clear from this table that the most prevalent numbers belong to 
6-series (50%), the second to 8-series (31%), the third to 5-series (13.5%), and so 
on. That is, there are three main polyploidies of 2n=12, 18, 24, 30, 36, 48,543 2n=aT6: 
32, 56, 64; and 2n=10, 20, 30, 40, and heteroploid numbers of 2n=14, 22, 34, 38. 
Therefore, the basic number 9 should be a secondary one. It is shown in Fig. 4 
that there are 20 median and 16 submedian chromosomes in the Japanese race, and 
the most frequent number of elements is 3. The present authors agree with the 
opinion by Tischler, from the view points of the present karyotype analysis, a high 
degree of pollen sterility of the plants with 2n=18, 36, and of the complete absence 


of plants with 2n=27 in Labiatae. 
It must be noted here that whether are there two chromosome races of Glechoma 
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hederacea, 2n=18 and 2n=36, in Japan or not. This is liable to be misleading, 
because these data have been reported by Japanese cytologists. Materials studied 
by Sugiura were taken from plants grown from seeds obtained from the Utrecht 
University of the Netherlands, and those studied by Suzuka and Koriba (1952) were 
taken from the plants of unknown origin (personal communication), cultivated in 
the Takeda Medicinal Plants Garden of Takeda Co. in Kyoto, The present materials, 


therefore, are only ones with certain origin in Japan. 


Conclusion 


The Japanese race of Glechoma hederacea, occupying a definite geographical area 
(Fig. 5), is distinguished from the typical European by several outer morphological 


characters mentioned above, although variable to some extent, and it is cytologically 


Fig. 5. The geographical area of Glechoma hederacea. 
Subsp. grandis shaded with oblique lines. 


a hexaploid plant (2n=36). So in our opinion it is proper to designate it as a subspe- 
cies of G. hederacea, but not as an independent species. As its earliest epithet for the 
Japanese race is Nepeta Glechoma var. grandis A. Gray (1859) which was described from 
Hakodate of Hokkaido and which type specimen in the Gray Herbarium was examin- 
-ed by Hara in 1939, a new combination, subsp. grandis (A. Gray)” is here proposed. 
Var. minor described also from Japan is a female individual with tiny flowers, and 


1) Glechoma hederacea subsp. grandis (A. Gray) Hara, stat. nov. 

Nepeta Glechoma var. grandis A. Gray, Bot. Jap. 402 in adnota (1859). 

Glechoma hederacea var. grandis (A. Gray) Kudo in Journ. Coll. Sci. Univ. Tokyo 43 (8): 20 
(1921)—Hara, Enum. Spermat. Jap. 1: 204 (1949). 

G. hederacea var. minor Honda in Bot. Mag. Tokyo 55: 201 (1941). 

G. grandis (A. Gray) Kuprijanova in Journ. Bot. SSSR. 33 (2): 237 (1948). 

var. longituba Nakai in Bot. Mag. Tokyo 30: 169 (1921). 

?.N. Glechoma var. sinensis Miquel in Journ. Bot. Néerl. 1; 115 (1861). 

G. brevituba Kuprijanova, l.c. 236 (1948). 

G. longituba (Nakai) Kuprijanova, |.c. 236 (1948). 
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it is a corresponding form to var. parviflora of Europe. G. brevituba may probably 
be a similar form in the Chinese race. It is apparent that these female plants 
should not be treated as separate taxonomic units. The populations in Korea, China 
and Ussuri seem to belong to the same subspecies as the Japanese, but they are 
slightly different from the latter in the hairiness. The earliest name for the Chinese 
plant is N. Glechoma var. sinensis Miquel (1861), which was described as having 
small flowers and 6-lobed calyces. But the name certainly applicable to the Chinese 
race defined before, is var. longituba Nakai described from north Korea. 

Now it became clear that there are three chromosome numbers in Glechoma 
hederacea, 2n=18, 24 and 36, apparently forming a polyploid series with the basic 
number 6. Basing on the data now available, hexaploid occurs in Japan, tri-, tetra- 
and hexaploid in Europe, and hexaploid in North America. It is noteworthy that 
European G. hederacea includes three chromosome races. ‘Triploid was reported 
from the Netherlands, tetraploid from Scandinavia, and hexaploid from the British 
Isles and Hungary, and also from the United States of America where the plant was 
introduced from Europe. As the type of Glechoma hederacea by Linnaeus is 
considered to be a Scandinavian plant, it is highly probable that it is tetraploid. 
The British plant as well as the North American which is difficult to separate 
morphologically from the Scandinavian, is presumed to belong to a hexaploid race. 
It is an interesting example that two hexaploid in a polyploid series of one species 
are found in disjunct areas, Europe and Japan, and are morphologically separated 
from each other. The problem still remains whether they have originated indepen- 
dently in different areas, or an ancestral hexaploid which once spread widely in 
Eurasia has differentiated morphologically later in different areas. It may be con- 
sidered that the center of differentiation of the species had been in south-eastern 
Europe, and ‘one hexaploid race which had spread eastwards was later isolated as 
subsp. grandis. To solve this question, detailed cytogeographical studies of this 


species in Europe and Siberia are urgently needed. 
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Genetics of Collybia velutipes, 
I. Mating type and barrage phenomenon (1).* 
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Winter fungus, Collybia velutipes (Curt.) Fr., is a common edible agaric, whose 
fruit-bodies are frequently found growing on the trunks or the stumps of various 
broad-leaved trees during winter. In this fungus, which is readily grown in culture, 
it is possible to control the conditions of culture in such a way that the fruit-bodies 
can be aseptically produced in glass container when desired. 

In the present paper, the mating type of C. velutipes and its relation with bar- 
rage phenomenon observed between monosporous cultures of the fungus will be 


reported. 


Material and Methods 


Fruit-bodies of C. velutipes were found in December, 1950 developing on the 
slants of potato extract agar in test tubes into which a piece of the dikaryotic 
mycelia had been aseptically inoculated a month ago. From one of these fruit- 
bodies, the spore deposit was obtained which provided a series of pure monosporous 
cultures used in the present study. The isolation of the single basidiospore was 
followed by the ordinary plate method. Two weeks after twenty-one monosporous 
mycelia of the fungus had been isolated, they were mated in all possible combina- 
tions. The matings were made by inoculating each piece of any two monosporous 
mycelia side by side on the identical slants of nutrient agar in test tubes. Agar 
plates in Petri dishes were also used when they were more convenient for observing 
barrage effect. Potato extract agar and malt extract agar were most commonly 
used as the nutrient agar. The writer’s modification of Fries II synthetic agar 
(denoted shortly as MFIII), which contains no biotin, is also a very satisfactory 
medium for the growth of mycelia, and is made according to the following formula : 
sucrose, 30.0g.; ammonia tartrate, 5.0g.; NH,NO;, 10g.; KH,PO,, 1.0 g.; MgSO,- 
7H.0, 0.5 g.; CaCh, 0.1g.; NaCl, 0.1g.; agar, 20.0g.; distilled water, 1 liter. The 
vegetative mycelia were incubated at 25°C. 

Conditions for the formation of fruit-bodies :—When a dikaryotic mycelium cover- 


ing the entire surface of nutrient agar in a glass container is in suitable environ- 
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ment, fruit-bodies will be formed in the course of a month (Fig. 1). Temperature 
and light seem to be most affective for the formation of fruit-bodies. The dikaryo- 
phyte of the fungus grows most vigorously at 25°C. as mentioned by Brodie (1936b), 
but no fruit-bodies develop at this temperature. When the cultures are kept at 
lower temperature from 5°C. to 10°C., the sign of fruiting appears presently, which 
is indicated at first by the brown colouration of mycelia at the portion where the 
fruit-bodies will be formed. When the container in which younger fruit-bodies are 
developing is placed at 25°C., the fruit-bodies occasionally wither before maturation, 
even though the suitable amount of light is supplied. It is also reported by Held- 
maier (1930) that low temperature accelerates the formation of fruit-bodies in C. 
velutipes and Schizophyllum commune. 

Even if the temperature condition is favourable for the development of fruit- 
bodies, unless the fruit-bodies are exposed to light, only malformed fruit-bodies as 
shown in Fig. 2 grow up from the dikaryophyte. When the malformed fruit-body 
which:is growing in a dark box is then placed on a table near a window facing 
north, the apical portion of the stipe develops to normal size and then the pileus 
expands (Fig. 3). On the contrary, when the fruit-bodies developing in suitable 
light condition are transferred into the darkeness, they cease to grow and then 
wither without further development, even though the temperature is kept in a 
favourable condition. Thus the light may influence the growth of fruit-bodies and 
especially expansion of the pilei. For the formation of fruit-bodies in this fungus, 
somewhat dim sunlight seems to be more favourable than direct or strong sunlight. 
The effects of monochromatic light upon the formation of fruit-bodies in C. velutipes 
have been reported by Akai (1940). 

The mycelia of this species grow very Juxuriantly on MFIII synthetic agar. For 
the formation of fruit-bodies, however, potato extract agar and malt extract agar 
seem to be favourable. It is interesting that, in some instances, the developing 
fruit-bodies show the tendencies of negative geotropism and positive phototropism. 
When the test tube which contains a developing fruit-bodies is laid horizontally at 
first and then put vertically, the stipe is bent at right angle by its own negative 
geotropism (Fig. 4). Same effect can be also obtained by positive phototropism. 


Mating Type 


The sexual condition in C. velutipes was first investigated by Kniep (1920), who 
discovered the heterothallism in this and twenty other species of the Hymenomycetes. 
Vandendries (1923) confirmed Kniep’s report, and was further able to show that 
the fungus belonged to the tetrapolar type, on the basis of the absence of clamp- 
connections in single spore cultures and their presence in certain paired cultures. 
Zattler (1924), Heldmaier (1930), Brodie (1936 b), and others also studied the mating 


reaction of this fungus, confirming the above statements. To account for the 


tetrapolarity, Kniep (1928) put forward the following hypothesis: Tetrapolar fungi 


Jan—Feb. 1954 Bot. Mag. Tokyo, Vol. 67, No. 787—788 25 


have two pairs of alleles for mating type (A, a; and B, b) which segregate in- 
dependently, and the dikaryophytes, indicated by the presence of clamp-connections, 
can only develop in the matings between monokaryophytes which will result in the 
heterozygosis in both A and B alleles. Therefore, the diploid nucleus in each basidi- 
um possesses the genotype AaBb. After meiosis, the four nuclei which possess the 
genotypes AB, ab, Ab and aB are derived, and they enter in four basidiospores. 
From published data for sixty-eight tetrapolar species of Hymenomycetes and Gas- 
teromycetes, Whitehouse (1949) indicates that these two loci for mating type alleles 
rarely show linkage. By means of a micromanipulator, Funke (1924) succeeded to 
isolate all four spores from individual basidia of C. velutipes, and found that the 
Mating type alleles segregate at the second division of meiosis. 

Twenty-one monosporous mycelia of C. velutipes, Nos. 1-21, inclusive, were 
obtained from the spore deposit. They were grown on potato extract agar in test 
tubes. Two weeks after they had been isolated, the mycelia were mated on agar 
slants in all possible combinations in the manner mentioned above (231 matings). 
Two weeks later each mating was examined. The behaviour of the 21 single-spore 
mycelia was exceedingly regular. Accepting the Kniep’s hypothesis, they were sorted 
into four mating types AB, ab, Ab and aB on the basis of the clamp-connections. 
The results of the matings are incorporated in Tabie 1, in which a plus sign in- 
dicates the presence of clamp-connections and a minus sign their absence. It may 
be concluded that C. velutipes is heterothallic and tetrapolar, confirming the above 
statesments regarding the tetrapolarity of the fungus. 

Is the clamp-connection a reliable criterion for separating homothallic and 
heterothallic species or bipolar and tetrapolar species in the Hymenomycetes? 
Bensaude (1918) originally showed by cytological and experimental studies that two 
single-spore cultures of heterothallic fungus Coprinus fimetarius produced no clamp- 
connections and had but a single nucleus in each cell. When the two monokaryotic 
mycelia were allowed to fuse, however, a dikaryotic mycelium which bore clamp- 
connections developed. Since the Bensaude’s discovery, some exceptions have been 
reported. Vandendries (1936, 1937) showed that Collybia tenacella was heterothallic, 
yet the dikaryophyte bore no clamp-connections. Brunswik (1924) reported a similar 
case in bipolar species Coprinus radians, though Vandendries (1924, 1925) showed that 
the dikaryophytes of this fungus bore clamp-connections. Homothallic species which 
bear no clamp-connections were also found in Coprinus ephemerotdes by Brunswik (1924), 
and in Clitopilus pleurotelloides and Cl. pseudo-pinsitus by Vandendries (1936, 1937). 
In spite of these exceptions, however, it may be said with safety that the presence 
of clamp-connections in single-spore cultures constitutes a satisfactory evidence for 
homothallism ; and that the absence of clamp-connections in monosporous mycelia 
and their appearance when certain monosporous mycelia are mated, have the basis 
for the determination of heterothallism and for the separation of bipolar and tetra- 


polar species. 
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Table 1. All possible matings of twenty-one monosporous mycelia isolated 
from a single fruit-body of C. velutipes. 
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It is reported by Vandendries (1925, 1927) and by Newton (1926) in the genus : 
Coprinus that, in some instances, the monokaryophytes of heterothallic species are 
spontaneously dikaryotized in the course of several weeks or months as commonly 
seen in the homothallic fungi. Vandendries has suggested that all the monokaryo- 
phytes germinated from the single spores of both homothallic and heterothallic 
species are originally heterothallic, and they are sooner or later dikaryotized spon- 
taneously. And he advanced the “hétéro-homothallisme” theory instead of separat- 
ing homothallism and heterothallism. 


TH 
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The twenty-one monosporous mycelia of Collybia velutipes employed in the 
present study have been kept in culture on potato extract agar at room temperature, 
and have been repeatedly subcultured. Twelve months after they had been isolated, 
the spontaneous dikaryotization of these monokaryotic mycelia were examined on the 
basis of clamp-connections. Twenty of the twenty-one monosporous mycelia remained 
in the monokaryotic condition. In the culture of No. 20, the dikaryotic mycelia 


which bore clamp-connections were noticed, and then a normal fruit-body developed 
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The dikaryotization in this case, however, seemed more probably to have been 
induced by the contamination with the oidia of compatible mating type rather 
than by spontaneous dikaryotization. Even if it was the true spontaneous dikaryoti- 
zation, its frequency was very low in contrast to 37% in Coprinus micaceus 
(Vandendries, 1927) and to 56% in Cop. Rostrupianus (Newton, 1926). In Collybia 
velutipes, therefore, it may be said that the fungus is stable for mating type, and 
that Vandendries’ theory mentioned above is hardly applicable to the fungus. 
Monokaryotic fruit-bodies :—It is reported by Zattler (1924), by Kniep (1928), 
and by Brodie (1936b) that, in some instances, the fruit-bodies of C. velutipes may also 
be formed by monokaryotic mycelia as well as by dikaryophytes. The monokaryotic 
fruit-bodies are, however, very irregular in shape. The present writer has also 
found that, as Zattler and Brodie stated, only certain mycelia are able to produce 


monokaryotic fruit-bodies in laboratory culture. For example, the monosporous 
mycelia Nos. 1, 5, 8, 10, 19 and 21 have fruited from time to time, whereas others 
have never fruited. These fruit-bodies failed to develop into perfect form, and were 
more or less malformed. 


Figs. 1-4: Fruit-bodies of C. velutipes developing on the slants of potato extract agar in test tubes. 

Fig. 1: Two normal fruit-bodies. (Natural size). 

Fig. 2: Malformed fruit-bodies in dark culture. (Somewhat smaller than natural size). 

Fig. 3: Photograph showing the effect of light upon the development of fruit-body. -When 
the malformed fruit-body in dark culture grew up to the portion signed by an arrow, 
the fruit-body was transferred in light culture. (Somewhat larger than natural size). 

Fig. 4: Fruit-body with bent stipe by its own negative geotropism. An arrow sign indicates 
the bent portion of the stipe. (Natural size). 
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Fig. 1. f8% O7EROFEF (x 1000~1500) 
1. Cucurbita Pepo L. 2. Lilium auratum Lindl. 3. Triosterum sinuatum Maxim. 4. Lilium 
longiflorum thunb. 5. Plantago major L. 6. Pinellia ternata Breit. 7. Ocenotheva Lamarckiana 
Ser. 8. Caryopteris divaricata Maxim. 9. Petunia hybrida Vilm. 10. Camellia japonica L. 
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32 1. sucrose DReRIC TH SPRITE SNRIEDO RRO CULM (C. japonica A) 


ee 0 0.15 0.45 0.6 0.8 

0 On SS Sa ae 5 Se: Se 
015 | oo + O on fee ry ip yee 
0.3 + + “ + O Oo S Sees Sec 5 Sikes is 
0.45 + =a rs a O-O- Oe = —— 
06 + es + + je “6 cea) O e) ee = 
0.8 | + + seo Se = Pe ap aE ere: FLO) 


CRIDER? ABE, EWIOMFILE S) 
MHLELD, O--4D¥ELO4O, 


sb 
+: IPE SRELK 40, —-- RE 
HLECEMbDDS. 

{ERS OPRICOV Clit, BRRORHLELO, 
UBER TRELK 4D, RULDOESOLOCEIHB 
Ke 4 Olt, BEICUEBOPRS SEW 
ko KR 1 CASNRSBECE Sh 4LRVED 
Bez L7i\ CHAR AT SEL, —B APR 
DRED ESCOnNBETLTC 4, VROFO HR 
WRMTbEPOK, CHEFOPRICHBT S FRO 
—M2 Fig. 417 77CRLEO HS 0.15 mol 
CGHELIETED® 0.3 mol OF BEET %, aw» 
rb OSE CH CME HE EBTAICD Sb 
OF RVADH it LCHOWRY ikl. fib 
DAS bBcCAUGARALTH So 

REDICBEt mot (A—03 mol 25 0.35 
mol) B&li—-BAHELEGUBHRD Waar onK 
Bs, DROPEBRAVBhY tLoA2-E 04 


Fig. 4. sucrose DB# RIC LR ASE CBS 
PETE E D(z (Camellia japonica L.) 


mol IC #% LC 3045-48 0.35 mol 4 ELRIEBOM 
(SPE BIRLE LO LAD KS 

LEORROPRD: 6, HRORUAITID UC, 16 
BNL LACH RABEER AUC MELT SE 
EDS. LALEAG, AAEAOTW EDS, OE 
IkUC D> bi ints SRC PRE PARIS Z or%e 
FAS = EL, TED RLD IMR O PAPE CBB SHIRT AZ 
DIWERMZCWS.) EtNOATS BR 
CAVRICIS SES ERATE SNC SAIC 
BO AROMAARHECH 4.) (Chilton, Jk 
WADBBRIC EOC LIB LIFLWOC, RICRR 
Ill & Lt, HMRC LEZSCER LOCH 
FORM Be AN, THI LOC ARMOB Rw 
ORF HEM Ute 

Rie UL: (EGIL DIS &, ABICM 
AKL C—EOKE SIGN Sd, LIGA 1~3 FF 
fl CERO RRC & O, PNROUEK £ OMOTS 
2) HERR DEV. COMMIS SRAICIE 
Pht ze LO PRL BG 4 OFFER TC LI 
LOC RPAH S145 ICR S GORA 
ti, sucrose OYUBE(t, MEA RIGA AHH Lik 
WhO OBROBER hb bDUD MN, TNLO 
PEDIC USE OFSPBE Db TNC EB LK 
file Lilium auratum Lindl. Lilium longiflorum 
Thunb., Camellia japonica L. D& AEE 0.15 
mol chit Omol ~, Gladiolus grandavensis 


Von Houtt., Antirrhinum majus L., Digitalis 
purpurea L. DAES 0.3 mol “CHAELT 0.15 
mol ~\, Cucumis sativus L. OFEB HL 0.45 mol ~G 


32 


fe FER 8 67 4B #8 787—788 -& Hem 29 42 1—2 A 


Fig. 5. FEF DUA © TEAR MERIC 3 SO UE OWE SK 
Ll. Lilium longiflorum Thunb. L.a.---Lilium auratum Lindl. C.s.---Cucumis sativus L. C.j.---Ca 


mellia japonica L. G.g.---Gladiolus grandavensis Von Houtt. A.m.:-Antirrhinum majus L. D.p.- 
Digitalis purprea L. 


ep 


Jan.—Feb. 1954 


ELT 0.3mol ~, BLEAK. Fig. 5 (tit 
OMORCROUMNRCHS. COX I 7A, 7 
UIFEF AIC BEES RM LCOS L, MOSH 
ICI UCEEELMAMtT ZAI, MBICMSZ— 
72 OFF 2 BEL, TORIC CHEERED CWS 
CLA CSS, 

B22: SHLSGE RA OR IC tS ZIT 
SAUTWOREWOC, HLUBEL BRIT IDFA}, 
CM bORROD5, t &PAERASEELAIIC ABE O 
BEE RAMSSOLe MOS. Lmhtow 
SAVED OFEFO HANK KHOCHSOLIY, KB 
Ill -¢ L. auratum Lindl. DAEBOH, AFEZEOZE 
MOB EEe BDO fl LIEN, FEB Rome 
Op bszAt~scort BbnSs, REOHSO 
RRCVMEMOBEE, Wk, > EHO 
Big DROSNKD sucrose DEK LOCH 
Sh, VRZMONHKLOBBEOR SAB 
MDSnHV tL B26H4S25, Brink (1924) (t 


Bot. Mag. Tokyo, Vol. 67, No. 787—788 33 


Vinca minor DEK} 10% Bb 50% OPER 
BUC be URUP ROMA DIT, HCE 
REDOX 2,3 PRICE ON BB LE 
CME LTS L, SL PLONE C ER 
Impatiens Balsamina L. D{EKYEATWSo CH 
BICOW CL, APY YIACIE L ARO PRAY 
1 LC OFFPEIEO PEO WAI BIS S SBE bk 
CAC SPH EHA|, 

Eb, MAT OL} CONRICIK ¢ i LCE 
RLS LL GABE LOCHAICAMLT SEH 
4 5 {EO RTM OB EEO RIC WITS EOE 
LE, WLABROMRLG 2% BIL} ESE, FER 
DEBE Paks, EG ORISE © BE TAA Lk 
TESTE EBA SOREN CHAS 5 © 


MAA AMEE», =Reeds, BReesoS 
CRC HOB RTSRACHAS 


Resumo 


1) Diversaj tipoj de polengermado estas skizitaj en fig. 1. 
2) Germkavo ne Ciam estas necesa por germado, sed gi Ciam helpas la _ polen- 


Sermadon. 


3) Speciala rilato ne vidigas inter sukerkvanto en la kultursolvajo kaj procento de 


la polengermado (fig. 2). 


4) Polentubo kulturata en sukersolvajo kaltigas sian kreskadon en pli densa 
solvajo pro la katizo de plasmolizo, kaj elfluigas protoplasmon en pli maldensa solvajo. 

5) La atitoro pensas ke poleno reguligas antat’ germado sian osmozpremon, sekve 
la osmozpremo-teorio pri la kreskado de poleno ne estas vera. 
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8 3 32 Claudopus nidulans polarity 
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Summary 


This paper deals with the polarity of Lenzites betulina Fr., Steccherinum ochrace- 
um (Fr.) S.F. Gray, Claudopus nidulans (Pers. ex Fr.) Karst., and Coriclus hirsutus 
(Fr.) Quélet. The pairing of monosporous mycelia proved that these fungi were all 
heterothallic and tetrapolar. 
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Fig. 1-9. 7+v=a2a7 
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Beziehungen zwischen Chromosomen und Nukleolen von Dumortiera hirsuta. 
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Chromosomen und Nukleolen von drei interspezifische Polyploiden von Dumortiera 
hirsuta). 1-4 Monoploid, ein Nukleolinus im Nukleolus: 1 Ruhezustand, 2 Prophase, 
3 Metaphase, 4 Anaphase. 5-7 Diploid, zwei Nukleolini im Nukleolus: 5 Rubezu- 


stand, 6 Prophase. 8-9 Triploid, drei Nukleolini im Nukleolus: 8 Ruhezustand, 9 
Prophase. x 2880. 
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2 fC Stu, EL RAIC HEL, Nukleolini (t 
2 fD m WARK LA. fa Nukleolini (t—Ps 
AOE CTR, CO—MBILARAER TL, LO 
FH ECREUTWSD 6 

Sa Clk 3 AO m a6 3440 Nukleolini 3; 
EU, COPMRUE & OBR I KOBE 2 
RCS (Fig. 8, 9), 

DEOMRERD 5, KHO Nukleolini (x70 
VILA SAMED m W(KCHSL EMD 
fo €O CHS Nukleolinus ¥* /E% Wake 


“ Nukleolinus-Chromosomen” "F352, 


Résumé 


Heitz (1928) und Jachimsky (1935) haben schon den Nukleolinus bei einigen 
Laubmoosen beobachtet, dass er von kugeliger Gestalt im Nukleolus war. Aber die 
Autoren haben leider keine Vorstellung tiber die Ursprung dieses Kérperchens 
festgestellt. 

In der vorliegenden Arbeit konnte ich bei Dumortiera hirsuta, einer Art von 
Lebermoose, die Nukleolini im Nukleolus beobachten und _ feststellen, dass es sich 
um die heteropyknotisch bleibenen m-Chromosomen dieses Mooses handelt. Es gibt 
bei den Monoploiden (n=9) dieser Art ein Nukleolinus, bei den Diploiden (n=18) 
entsprechend die zwei Nukleolini und den Triploiden (n=27) die drei in jedem 
Nukleolus. 

Daher kann man die m-Chromosomen dieser Art als die “ Nukleolinus-Chromo- 


somen” nennen. 


1| A wm mR 


81: 203-238. 

je BFR, 1938, Dumortiera hirsuta (7 = 3° 
+) © Polyploidie & dhMW MHL Koc. Hf 
fn HEE 52: 434-441. 


HeEItTz, E., 1928, Das Heterochromatin dre 
Moose. J. Jahrb. f. wiss. Bot. 69: 762-818. 
JACHIMSKY, H., 1935, Beitrag zur Kenntnis 
von Geschlechtschromosomen und Hetero- 
chromatin bei Moosen. Jahrb. f. wiss. Bot. 
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Kyuichi SAKURAI: Studies of the Genus Hyophila in Japan. 
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ABlr 1826 4E Bridel (Ck 9 Bryologia uni- 
versalis IC#EHANRMML Weisia BOCAS 
SHC aK. WAKA rE ARR ITIL WECES 
S r&b bows < (dak, ASIC / MEE EO 
CWHo BEI ICAB LEO AMIRI 
RES kL OBR TIAL HENS BRR CS BEE << & 
D AIS DSiGee BSS FOB Biro HRCIL 
PORITIEV MEV bOb So. Plr R< B< (LIA 
CE LBRHTS490454., Beha c % 
EF & YO, {A LBEICArtt < CPEB LRAT 
ceo GW cir, 

BVNI£S&OS< HE 1-2mm KTFRWVYLO 
$59, RLAMOLO CS 38cm SHNAGE Lk 
Wg. FRRECACS LMC ALSNIITHLES 
PUB, (_b LRRPR 2 RS AERIS SET CIASTR F 
CHES 4 DO & IWR S Jas HEH SLO E 
Db So 

QEOMS RE UCO KBld dd OB SME LC 
Dig ihe detec & AMECAHO BAIL ATEREIC & 
ODES (L-FRED TEND CHPRULH % FE Ch SD 0 
fALAB RUT IRHGED hb SOE CAD Wis OAH 
DBR VEOTRNT HAD. 

Brotherus (i Pflanzenfamilien (1924) CKO 
fi Hyophila Sieboldii Besch. 2xus H. propa- 
gulifera Broth, WASH UCHEL, RVG A. 
Okamurae Broth. 20s H. Tsunodae Broth. #% 
Musci novi japonici (Annales bryologici 1928) 
ICFERLCHS_. WkEOS H. Micholitzii Broth. 
2LOS H. spathulata (Harv.) Jaeg Opi AlLAsP 
PIERICS < , H. liukiuensis Sak. (XHEME Vol. LIIL: 
631, 1939 ICROR ATS SAC So 

SROFTC HORS BACOF MENT 
@ LKR BST ZO FO LIC AAR 7 PF 
t UC fie eat +O Ee CARO 
AARHeRMLTS. 

H. Sieboldii Besch. (LEY O MBid SOC 


< INCE < 


Hyophila Asanoi Sak. n. sp. 

Planta minutissima, dense caespitosa, caes- 
pitibus superne luteo-viridibus, intus fuscescen- 
tibus. Caulis 4mm altus, simplex vel superne 
ramosus, infra medio dense tomentosus. Folia 


caulina superiora ovato-oblonga, obtusa, infra 


Fig. 1. Hyophila Asanoi Sak. n. sp. 
a) SRETRS x40 c) SB x30 
b) BM Ee x40 d) RHEE CEA) 


Janu.—Feb. 1954 


medio recurvata, usque ad 0.3-0.5mm longa, 
0.1-0.2mm lata, marginibus mamilloso-crenulatis. 
Costa crassiuscula, carinata, subapice evanida, 
dorso superne mamillosa. Cellulis supra medio 
irregulariter quadratis, chlorophyllosis, papillosis, 
infra medio pellucidis, quadrato-rectangularibus, 
hyalinis. Folia inferiora ovato-oblonga, obtusis- 
sima, haud recurvata. Corpuscula subfusca, 
Ovalis, numerosissima in axillis foliorum vel 
foliicola. 

Honshu: Prov. Awa, Tateyama, Sanagura, 
terricola (Leg. T. Asano Typus in Herb. K. 
Sakurai No. 33735, 1-Jan.-1953.) 

tis S— th CHILE ABT SOD LI 
PER BET. SEBELEEBICHS CORRE, FS 
KRCRESIIKRA. Ant, ABILRR 
mo RRS AORM MUGAT+ 7 > OLE 
KAU CRE CSS. MHL BARES ce 
CLR ORIEL LBS LE 4 Abn, 
Hyophila spathulata Jaeg., in Adumbr. II. 

Beh: TEOREBER CREA= Herb. K. 
Sakurai No. 33805) BRERA BA (a — 
Bate Herb. K. Sakurai No. 33442) Big =2 (Ite 
CFHLUSE4534% Herb. K. Sakurai No. 33207) 


arta: EDEERBA 
Hyophila Nakayamae Sak. n. sp. 


Planta perminuta, sed; expanse caespitosa. 
Caulis infra 23mm altus, infimus paulum 
tomentosus, superne luteo-viridus, dense foliosus. 
Folia 


obtusa, subreflexa, usque ad 1-1.5mm_ longa, 


caulina  superiora  lineari-stenophylla, 


0.2mm lata, supra medio inconstante anguste 


recurva, Marginibus minutissime papilloso- 


crenulatis. Costa sub apice evanida vel saepe 
-unguiculata, crassiuscula, dorso superne mamil- 
Cellulis 
chlorophyllosis, 


hyalinis, rectangularibus. 


subquadratis, 
infra 1/3 
Folia inferiora ob- 
Costa 


losula. minutissimis, 


dense mamillosis, 


longa, obtusa, infra medio recurva. 


continua. Corpuscula numerosissima, ovalis, 


subfusci. Sterilis. 
Honshu: Prov. Sagami, Jimmuji, terricola 
(Leg. Y. Nakayama Typus in Herb. K. Sakurai 


No. 33760. 28-Dec.-1952). 
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Fig. 2. Hyophila Nakayamae Sak. n. sp. 


a Ze x 30 
b) MEF CHDK) 
c) SHER x 36 


d) S82 LMS x36 
e) WG CFMORE) x 200 
f) #246 CEMSDRE) x 200 


Anti (2 BERAZO WLU BEAS AE 2S RE ATRAB IS 
WES LOUD Z—lh CS. HK LAS BS 
BRRIC AL & SEBE Ae AN IPED FARINA CBB 
ZB < (LHEOR BIC 614, ChtwW-he RY 
Alt ia re RUIC ERE LCS CHerb. K. Saku- 
rai No. 35036) 

Hyophila Dozy-Molkenboerii (D.M.) FI. in 
Die Musci d. Flora von Buit. I. p. 329. 

FEM: BAER 7 Atay GRABER) 
(Herb. K. Sakurai No. 33351) Ee*EUbH ASAE F 
(“FART CEEPRIESE) CHerb. K. Sakurai No. 
3668). N.B. New to the japan. Flora. 

Sy45 PACERS 


Hyophila bilo-insulare Sak. n. sp. 
Planta minutissima, dense et expanse caespi- 
tosa. Caulis 1-1.5mm altus, infimus haud 
Folia 


minora, superne mMajora, incurvata conferta, 


tomentosus. sicca incurvata, infima 


oblongo-linearia, anguste recurvata, obtusa, in- 
tegra, tantum apice papilloso-crenulata, usque 
ad 1mm longa, 0.2mm lata. Costa sub apice 
evanida, distincte carinata, dorso superne alte 
Cellulis chlorophyllosis, 


papillata. obscuris, 


40 it 3 FE we 


rotundato-quadratis, papillosis, sensim basin 
versus hyalinis, quadratis. Folia infima minora, 
obtusa. Corpuscula numerosa, fusiformis vel 
oblonga subfusca. . 

Kiushu: Prov. Ohsumi, Insula Bilo, terricola 
(Leg. T. Shin Typus in Herb. K. Sakurai No. 


20202, 7-Nov.-1950). 


ae 
Be 
palelsz 
aDpan 


fe Th VeSE 


a= 
a 


Alain) 
ee 


a Dea 


igs 3s 
a) SEHE RG x30 d) HE%G CEPBORHE) x 200 
b) SENET x30 e) Hes CEMOR) x 200 


HAyophila bilo-insulare Sak. n. sp. 


c) ARPES CEA) £) THEO TAB (BEA) 


FIERA Pi) is S ah GC ABE © WE 
CES, BEICIHES 4 A. stenophylla Card. it 
O-MLBN5S, SMI NEF eRRELT 
DS. MMF OW (LG ICi S AC OW 
ya BG ayy 

Hyophila Micholitzii Broth., in Oefv. Finska 
Vet.-Soc., B. 35, p.28 (1893). PE: ALE Vol. 
LV: No. 653 p. 205. 

HEM: BEBE AT FRAT: = GBA $8 
Herb. K. Sakurai No. 33351) [a_LEMay Gbyste 
Herb. K. Sakurai No. 34075, 33596, 35045). iif 
ESS hy Cif eh Herb. K. Sakurai No. 34048) 
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Hat 29 4 1-2 8 


Fig. 4. 


a) Hyophila Dozy-Molkenboevi FI. 
fepES x 80 

b) Ayophila liukiuensis Sak. 
fRMEZE x 80 


Sh: Yrs, ATS, Be 

Hyophila propagulifera Broth. in Hedwigia 
1899. AGAICHETILFSED TASTE O CROW 
DET So 

Bractae perichaet. intimae oblongo-lanceolatae, 
sensim piliforme attenuatae; costa continua. 
Seta 5mm alta, recta, rubra, sicca torta. Theca 
1.5mm longa, oblonga. Operculum rostratum, 


erectum,nudum. Vaginula cylindrica, Peristomi- 


um nullum. 


Reena 
a uo 
OB bia 


} 

f 
i Haameestia® 
Fig. 5. Hyophila propagulifera Broth. 
a) 3242 x30 sc) E45 (BK) 


b) FEE x8 d) 22D Pu CEA) 


Jan.—Feb. 1954 


Honshu: 
EFS IR) 

ASHI RE GIA < HRT DS MACE ADR 
BHT OB RIBS SHES SQ RAPT HL 
5mm O/VECHhADRKOMS PPADS, 


valde communis. RAS CHL 


var. elata Sak. var. nov. 

Caulis 20mm ultra altus, simplex vel superne 
innovationus, regulariter foliosus. Dense caes- 
pitosa, caespitibus superne lJuteo-viridibus, intus 
fuscescentibus. Folia oblonga, obtusa, 2.5mm 
longa. Costa valida, excedente, dorso leve. 
Corpuscula ovalis, numerosissima. 

Honshu: Prov. Musashi, Chichibu, mt. Buko 
(Leg. K. Sakurai No. 20208, 29-April-1050). 
Prov. Iwashiro, Nishigo (Leg. T. Higuchi in 
Herb. K. Sakurai No. 34052 1-June-1951) 

Sikoku: Prov, Iyo, Nakagawa (Leg. K. Oti 
in Herb. K. Sakurai No. 34055 26-Aug.-1951). 

ARH AB RAGS i Ch O25 ik 
Jeis & Hea L BERET R << MMAEKCHS UA 
Mise LR O EC ES 4D BLT ORES 
DOZSe & hGun c HICP EAR PB Choo 


Hyophila subspathulata Sak. n. sp. 
Planta perminuta, dense caespitosa, caes- 
pitibus luteo-viridibus, expansis. Caulis simplex 
infra 1.5mm altus, laxiuscule foliosus. Folia 
sicca incurvata, superne majora, e basi subs- 
tricte lanceolato-spathulata, subreflexa, 1-1.2 mm 
longa, subacuta, carinata. Costa subunguiculata, 
deinde saepe hyalina, dorso humiliter papillosa. 
Cellulis chlorophyllosis, minutis, densissimis, 
papillosis, basin versus sensim hyalinis, rectan- 
gularibus. Corpuscula sparsa, ovalis, subfusca. 
Caetera ignota. 

Sikoku: Prov. Ilyo, Yuge (Leg. K. Oti Typus 
in Herb. K. Sakurai No. 34076 7-Jan.-1953). 

A(t H. spathulata Jaeg. CPEB AC<S 
Sb WB Blo KANE Ae BELTAS 
SF HRSAE FSA CHAE ORS Ch So 
Hyophila Okamurae Broth. l1.c. 

FU: CR BRHE CHEGARABER =Herb. K. 
Sakurai No. 9502) 
Hyophila Tsunodae Broth. l.c. 
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BEAD: PRE Pa ereRLL (e557 A =k Herb. K. 
Sakurai No. 35036) 

Hyophila crispula (Sak) Sak. comb. nov. Syn. 
Merceya crispula Sak. +E 65: 765-7€6 p.90 
(1952) 

BERL: PMAAMF CK. Sakurai No. 19613) 
Hyophiia stenophylla Card. 
folia Card. (Mosses de ile Formose.) 

Heh: FRR CE BRA CRASS FR 
Herb. K. Sakurai No. 35043) 

TER BIEN OAL OBR SN TC ARO 


Syn. H. angusti- 


Hyophila Naganoi Sak. 0. sp. 

Arenicola, caespitosa, caespitibus laxis, late 
expansis, viridis. Caulis 1-155 mm altus, minu- 
tissimus, simplex, dense foliosus, infimus fasco- 
radiculosus. Folia platiphylla, e basi con- 
stricta, ovalia vel ovato-oblonga, obtusa vel 
subacuta, subreflexa, marginibus undulatulis, 
basi uno latere incurvata, usque ad 15mm 
longa, 0.5mm lata. Folia infima minora, ovalia. 
Costa valida, subunguiculata, dorso levis. 
Lamina viridis, cellulis minoris, densissimis, 
papillosis, basin versus nervi enata pellucidis, 
quadrato rectangularibus. Corpuscula fusca, 


Minuta, ovata, sparsa. Caetera desunt. 


Fig. 6. Hyophila Naganoi Sak. n. sp. 
BIZ x20 
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Honshu: Prov. Musashi, Chichibu (Leg. I. ALEC ENE LI KBB O RATE 


Nagano Typus in Herb. K. Sakurai No. 34066 
6-Nov.-1952). 


HA KD CBD Te S bE SRE, IR CAS 
INEZ, FR-MIPNICE < SDB 


#8 ae RR 
iat ee ee) 2 7 (I) 77 15mm |hFor. er oH, FEES UL 
RESELL IDR GPR R PI eee CD DIR RABUN S AEEHDBL veeeeeesseeeeeeeececeee (X) 

1 SEK: DBCKO RAKAIAD be MM BEURSDIR, BEAR wn set eect ereeeeenertnestins ®) 
LEDS REWERO AEE OBE HEY PEN BYR cerece eee eee tees ence eees tee eee eee ces CX) 
PRUE nis. sanaasot th ahs ata oabeiage (I) X AKS0K, HORMEL IRL, RE 

TENE L O LEMYSEO BEY SLSa SELIDATE B&B Lovee Naganoi 
BF, EHR MMSE IE ICO ec -LEBORE(GK, TROL LIDK 7 Sb BE 
TEV cre rreseeese ees tesecessowesevease liukiuensis ZE(LHES & SES Br Asanoi 
H BSI ESCO <, Bet HE t NM WRB DICTA T, PRPESE LM S BKC 
12) | ee Dozy-Molkenboei S(HORGE O72 4, HCO MIE ANE 
PELIEO EIBIC BEL TK, FBORIV) aie L rr ee ics cL ccp one track eco crispula 
ICU CBL, HAMBITHES CHE LBL << RK REMIT o BA te SHEN BH oe (XID 
[BSP eA oa ce AN 8 SUR (W) De ae 2: eee spathulata 
V AEB Hie iL snaticSedgstewoscamnwoss Micholitzii <5: ee eee subspathulata 
PIPEBE DIET Bocce eee cee cere ees Okamurae Vo Se(QUARSPI BEE 2-2.5 mm FEE AE 

I 2 1-4mm Of) i 2-H (YW) Pid ob, Ae < HEM LIBRAM eet. 

3 5mm Lk 3cm (CEPA AD RRR SACARBMETZCLED, | 

VY BEISBZ TIRES, BBL ID FRPESELODAR A CBB 

BE(LIWK, ahs HES BIR RRR aCe ae ne PEROT CVI) Pahenca see propagulifera 
Vil riDPets Be aioe a sResieinateoiess ante saan stenophylla HE(L AZ ic S 4 HEE 1-2mm HESEIT GE 
i 23: CX) Me BZcrtbo, WRC SZS ; 

KX 3k lmm Who. e 7m, ARE NET. WE. IRMSEIRUD, fh 

f= & FBSEFAIRRIT GEA cree bilo-insulare FAA, 2 DBD Le vec ece ten ctecee nee ees Tsunodae : 
(HEY Fig. 1 (22R5FHIC XO, Figs. 2, 3, 5 RI OMPRC Lo) 
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On the chromosomes in some mosses V. 


The karyotypes and sex-chromosomes in some species of Polytrichaceae 


1953 #11 A7 ASH 


## (1953 b) (RS S14 a TK (Polytricha- 
ceae) DA A7B (Polytrichum) CPEs ta fRIE 


OR RBITOV CHE LED, SHEICMAD HO 
2= VAX 27E (Pogonatum) 2-27 EK 
+) (Oligotrichum) OfZBXx REL, 290560 


SR CISPR EA HSDITAC EA HBO 
Co NCR ET So 

WRICH Ooh 2 6 MORORMALOICHE 
SW LES LICH CHS. REERU #4 
FRITS (REF 1951) OL LARCH So 


$813 (Table 1) 


Species examined 


Karyotypes Localities 


Pogonatum urnigerum (1L.) Paris. 


n=7=V(X)+3V+2)-+m(h) 
n=7=V(Y)+3V+2J+m(h) 


AHIR, SERS, 7 
7 ti, WEL 


n=7=V(X)+3V+2J+m(h) 


Pog. contortum (Menz.) Lesq. : n=7=V(Y)+3V+2J+m(h) BACH, AAR 
Pog. grandifolium Lindb. 9 n=7=V(H)4+3V+2J+m(h) | Het, ARLY 
Pog. inflexum Lindb. 29 n=7=V(H)4+3V4+2J4+m(h) | #4* 
Oligotrichum aligerum Mitt. gna yean rey tol t meh) | ORL memes 
O. japonicum Card. 8 n=7=V(H)+3V+2J+m(h) | AAs 


* ED Pith, fibld fa te 


1. Pogonatum %& 


Pogonatum [£2 4 fi Pog. urnigerum, Pog. 
contortum, Pog. grandifolium, Pog. inflexum “G 
BRED, D454 OHO 2B CIEL EALH 
BIT SEEDS 


* HRA ZIG ZRAADREM AAS 
Biological Laboratory, Takada Campus, 
Niigata University. 


Pog. urnigerum DYefafABUCOV TC (LBEICHE 
BIAREO HEC Heitz (1928) (k n=6-7, FR 
(1937) th n=7 EME LCWOSA, Balt 4 OH 
FEZ gE GR1H) OMB CHS n=7 ZH 
EL, BM RORE £ Riko IYA 4 EMO 
LOMA ARC, THricHeHER n=7=VC)+ 
3V+2J4+m(h) GO: (Figs. 1-3), AMOVE 
yute RHEE 62K KEW V BORGRG 
bBo ED X BU Y HOWRMONCR AE 
ORGEIZ ROM < CHS (Figs. 3-9)o 


44 ti i SF RE we 


X (LHR DO BRIA CE OIE © FA RIT RR 
FEDS 0, BIC — WO BBSB IT BAM He — RED FB D 
bNDo fA LIX LITHbAO WO 8 HERIC 4 ASS 
TRO RRPREDBDM SND. TLC KlLONSS fl 
ORS LIL LITT 40°C W 798 S HI 
Ri ULCHIZN ZC LABBVW. X O—-MILMBoO 
BCR BBe RST CFigs.4-6), Mb thirz 
KO MOB MB CHOC AMICON RSV 
fo OMA O LT BEMMO KS SLEDS 9, FH 
FICS RI RPL AT SHO lo Fw 
(LHHWOtHIOLAS<, AE OME RABE 
eRT 

Y (SHERO RARE LX KE RAEACH SA, 
XICLEF HURTS ¢, HOKE —HOWO 


$8 67 4 $8 787-788 & 


Af 29 44 1-2 


EBC 1 fA ZORA, COME KX LIKE 
So Bi Y (tH RICA Ch X & (HAMA 
W244 (Figs. 7-9), ils Y (LO RPCELAL 
iWwAOMORA LSA BEY mL, AE BIED 
BtEORMC I KRRAR AT SAO WRB BHA 
RINSE DS Y OFS VAIL X OME 
ULTKS ¢, CO AMERO BIEBIK THER K O&K 
X74 BobrS (Figs. 6,9) 

ho 6 (OBES RIT (LERETAIIK TSO ERA 
db bari (Fig. 3)o A DHEMEMMALICH C 4, BV) 
OMG m (LARA RT O CRAM lh GS 
bY, TOM 5 AD BAB AL 3 AD V hu 2 
fAD J PRB AL OMICS. 

WEA BATHE CE (Figs. 10-12), #—47>28 rb HA 


Figs. 1-12. FPogonatum urnigerum DYLa fA & UGH (Chromosomes and heteropycnosis 


of Pogonatum urnigerum) emo 


? Gametophytes. 2,7, 8,9. 


6 Gametophytes. 


3. Serial alignments of chromosomes shown in figs. 1,2. 10,11,12. Meiotic chromosomes 


in SMC’s. x 3000 


opel + 
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Figs. 13-26. Pogonatum contortum JcU4h® 2 FED 4 faz & SYK ~CChromosomes and 


heteropycnosis of Pogonatum contortum and other two species) 
14,18,19. 6 Gametophytes. 


13,16,17. 9 Gametophytes. 


13-22. Pog. contorium. 
15. Serial alignments of chromo- 


somes shown in figs. 13,14. 20,21, 22. Heteropycnosis and meiotic chromosomes is SMC’s. 


23,24. Pog. inflexum °. 


€7(HO bivalents 237245nA,. D4 BO 1 
(H(XbO 6 AL OFICKAS ¢, HABAO— MICH 
COALS LTCWZK)PO BEN CHS. VET 
chit K-Y OWE CHO, 40} BIBPITKSY 
Alt X MAE Y CHBESNYDd LIE LITHO 
X-Y¥ MMIC A UMILBD EN CBE LIS 
> CeEDMBSHe. fh0 6 (HD bivalents (x 
fin 4 PAOREAC SHEL CRIT 5 BIS 
WEIDNER TIBD ONIN 0 

DLE ORS ARO RAUIEO IC PEA EAD TARBIL 
_ BER (REF 1953 b) D Polytrichum ROCHE 
LIB ESL ML CWOS, MSAD BBL 


25,26. Pog. grandifolium °. 


x 3000 


AYA ATIL OUNCE EDHBES 


? n=7=V(X)+3V+2J+m(h)=X4+6 
6 n=7=V(Y)+3V+2J+m(h)=Y+6 


Pog. contortum D42f6fAIZ OV TC ILSEIC PERI 
EOE GC PARK “NY 1932) (k n=7 2 REL 
ko LRILAHOVWERUMED gametophyte DY 
CETL ONT FEIT IA S BRT RO Ble 
fi, PABIMOICEREAL I SDI LK (Figs. 
13-22). Hb ALG ABILENE ALG n=7 -G, YH 
UVES FAK DBR IC % D BS HOUR, Tk 
WOBICEGS X-Y OWA ORES < bie 
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Pog. urnigerum Dbyt & RE CHO. 

Pog. inflexum (XFsbK, “NU (1932), Pog. 
grandifolium (224A (1937) 23t DYBABMV 
peep fA 4G L, 9 6+X, 5 6+Y CRELT 
WSo BAILS AVEO MHD HERO AICO CHK 
FD UO SNE RGM eB eFFOR Figs. 23- 
26), CORRS OMPBILBEAWIC Bila © 2 fe & fal 
#Becbhoc, SHMlr 9° n=7=V(X)4+3V42)+ 
-m(h) GhS_ Hl DRERO REAR ROEAAA 
X DHEPEMR RAD ABA CHE OO &, MOI X 
DR URAe AT CLIN PAK EO PEER & 
EQ -RTS. KE PAKRSIL X CRE 2 fe 
ACWOAPEHOBSRIS 3A GCHIC 1 RES BY 
LEbU CSS. 


2. Oligotrichum |{% 


ABOBBRCOM CE RE MESHNKE4LOR 
Rliitv.o S(t 2 O. aligerum, O. japonicum 
OV CHRD ER TORGME TNHEORM 
(Ral Pogonatum JROTNLARCHOCER 
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Figs. 27-41. Oligotrichum |B, 2 fiO2AfafK & Bs eG ~CChromosomes and _ hrteropycnosis 
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Résumé 


1) The six species in the Polytrichaceae were investigated cytologically with 
special reference to their karyotypes and sex-chromosomes. The results obtained 
are shown in Table I and Figures 1-41. 

2) The karyotypes of two genera (Pogonatum, Oligotrichum) in the Polytrichaceae 
are one and the same, which is n=7=V(H)+3V+2J+m(h), and it coincides with 
that of the genus Polytrichum (Yano 1953 b) and Catharinaea (Tatuno 1951, 1953). 

3) The sex-chromosomes were found in Pogonatum urnigerum, Pog. contortum and 
Oligotrichum aligerum. Namely; a largest or a large heterochromosome of the 
female and male gametophytes are the sex-chromosomes X and Y respectively. The 
sex-chromosomes of each species studied are similar to each other closely in their 
morphology and in the phases of their heteropycnosis. 
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Light-sensitivity against the Germination* 


I. “Photoperiodism ” of Seeds** 


By Sigeo IsIKAWA*** 
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Received November 15, 1953. 
Introduction 


Recently, the beneficial effect of alternating light or a period of light followed 
by darkness on the formation of ascospores and conidia was demonstrated. After 
then, it was revealed that the basic photoreaction involved in de-etiolation is identical 
with that involved in photoperiodism.) On the other hand, photoperiodical responses 
have also been recognized on sexual excitement and on genital gland of animals®, 
and as a result, it has been revealed that the phenomenon called photoperiodicity is 
not peculiar or limited only to floral initiation of seed plants. It was realized by 
chance that the germination percentage of Lysimachia mauritiana Lam. and tobacco 
(Hatano, Oo-Daruma and Kirigasaku) seeds exposed to artificial continuous light 
did not come up even toa half of the germination rate attained as when they were 
placed under natural alternation of day and night. 


> 


From this, possibility of ‘‘ photoperiodism” of light-favoured seeds began to be 
considered. Then for several light-favoured seeds in hand, exposure to electrical light 
was performed daily to obtain germination rates for all different illuminating dura- 


‘ 


tion. The present paper reports the “ photoperiodical responses” recognized on the 


germination of seeds. 


Experimental Methods and Materials 


The experimental methods were entirely similar to those employed in author’s 
preceding study on the light-sensitivity of tobacco seeds. They will be summarised 
as follows. 

2% agar solution were poured into 7cm. (or 10cm.) petri dishes, and 100 seeds 
were sowed on the agar surface. For small and middle size seeds 7 cm. and 10 cm. 
dish was used respectively. Each petri dish was wrapped in thick black paper, which 
was stripped off only at exposure treatment. In this case, daily exposure to light 
commenced after the lapse of 24 hours since sowing was performed in short (1-100 
minutes) and long (6-24 hours) illuminating durations, and it was continued for 7 
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days (or 14 days). More strictly speaking, the experimented seeds received illumi- 
nation over seven or fourteen 24-hour cycles each consisting of light and dark alter- 
nation. A 60-watt Mazda bulb was used as a source of light. Light intensity was 
fixed at 200-lux, or 1000-lux, which was obtained by charging the distance between 
a light source and seeds. Most experiment was carried out at 25°-27°C., but in the 
cases of Nigella and Eschscholzia at 18°-20°C. 

Out of the seeds studied, those of Evagrostis ferruginea Beauv., Houttuynia 
cordata Thunb., Rumex sp., Reynoutria japonica Houtt., Boehmeria nivea Gaud., 
were collected by K. Hirano in November, 1952 in Tokyo, Lystmachia mauritiana 
Lam. seeds by M. Chihara in September of the same year at Izu-Shimoda, while all 
other seeds (exclusive of the seeds of Nigella Camasena L. and Eschscholzta californica 
Cham. given by Tokyo Shibuya Daiichi Gardening Company) were gathered by G. 
Shimogawara in October, 1952 at Mt. Akagi. 

The experiments recorded here were performed during the period from June to 
July 1953. However, in the cases of Nigella and Eschscholzia, the experimental period 
was from November, 1950 to January, 1951, and in the cases of Lepidium Virginicum 
L. and Silene Armeria L, in September, 1953. 


Experimintal Results 


? 


1. “Photoperiodism” of seeds favoured by light. 

As can be seen in the following figures, it was recognized that longer illuminat- 
ing hours, as a rule, induces higher germination percentage of seeds. 

In most light-favoured seeds, the germination percentage increased as photoperiod 
was lengthened to a certain critical duration at which the highest rate of germina- 
tion was attained. As the length of light period exceeded the critical value, the 
gernination percentage began to drop, and a comparatively lower rate was obtained 
under continuous exposure to light. Out of such light-favoured seeds, in Houttuynia 
Eragrostis (Fig. 1-5), the optimum light period for germination was very narrow 
and existed in long daylength, while that of Lepidium and Silene (Fig. 1-2) also 
was of narrow range, but in this case, existed in short daylength. In the latter 
case, long photoperiod (long daylength) rather inhibited germination. In opposition 
to these two types, Patrinia and Epilobium (Fig. 1-4) germinated freely in a very 
wide range of daylength (100 minuters~21 hours). Though they are seemingly 
considered as “Long Day Seeds*”, they can be definitely regarded as “Short Day 
Seeds*”, for their germinations were promoted by the interruption of the light 
period with dark intervals. 

In Rumex (Fig. 1-3), the critical photoperiod for germination was very short, 


only 10 minutes, and when light period exceeded this critical value, germination rate 


* These new terms used in respect of germination behavior were extended from “ Long Day 
Plant” and “Short Day Plant” defined by Lang.(? 
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began to decrease. One example showing most remarkably such tendency might 
probably be Lysimachia (Fig. 1-3). In this case, the highest percentage of germina- 
tion was obtained by one-minute daily exposure to light. When the length of light 
exposure exceeded one minute, germination rate dropped sharply, and more than 
15 hours of light period inhibited or delayed the germination. In short, this kind 
can be a fairly typical “Short Day Seed” which requires long duration of dark 
period. 

However, among the seeds experimented, the auther couldn’t find “Long Day 
Seeds” which have a tendency to show the highest germinating percentage when 
exposed to artificial continuous light. Spiraea and Leptandra (Fig. 1-6) showed 
some similarity to “Long Day Seeds”, but, from this result only it is still impossible 
to conclude that they belong to the same kind. However, spores of a fern (Athyri- 
um niponicum Hance) showed evidently a tendency of “Long Day Seeds”. They 
germinated at the highest rate when they were subjected to continuous exposure to 
light and their germination rate was lowered when light period was interrupted by 
dark intervals. 


2. “Photoperiodism” of seeds inhibited by light. 

Seeds of Nigella and Eschscholzia (Fig. 1-1) which were regarded as “ Dark- 
favoured Seeds” offered better germination rates in daily exposure to small intensity 
of light (200-lux) for rather brief duration (1-10 min.) than in complete darkness. 
As the light period was lengthén in the same intensity, germination was progressively 
inhibited. However, when they were exposed to strong intensity of light (2000-lux), 
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Such critical minimum duration as existed in the case of small intensity couldn’t 
be found. 
3. Light intensity. 

Subsequently, an attempt was to determine what would be the germination be- 
havior of seeds when they were placed under high intensity (1000-lux) of daily 
illumination. The reslts were compared with those under 200-lux intensity described 
in Part 1. as follows. In Eragrostis (Fig. 2-2) which showed the maximum germi- 
nation percentage by exposure to long photoperiod, there was no change of germi- 
nation behavior by the increase of light intensity from 200-lux to 1000-lux. In 
Epilobium (Fig. 2-2) whose optimum photoperiod for germination coverd a very 
wide range of time, high intensity illumination improved the germination percentage 
only when the photoperiod was short. On the other hand, in the case of Lepidium 
and Silene (Fig. 2-1), the maximum photoperiod favorable for the germination did 
not change at all by the increase of light intensity. But it was recognized under 
high intensity illumination that the germination percentage during the maximum 
photoperiod favorable for germination was higher than that which was under low 
intensity illumination. In case of Rumex and Lysimachia (Fig. 2-1) whose optimum 
photoperiod for germination was between one and 10 minutes, the germination per- 
centage induced by such short exposure was not changed by the increase of light 
intensity from 200-lux to 1000-lux. But long exposure to illumination of high intensi- 
ty sharply lowered the germination rate. The curve formed in this case was alike 
to the one in “ Dark-favoured Seeds”. It was worth noting that when seeds of 
Nigella and Eschscholzia, which are classified as dark-favoured seeds, were exposed 
daily to illumination of very low intensity for a very short duration, germination 
percentage was higher than in complete darkness. Kumex and Lysimachia are con- 
sidered to belong to Nicotiana type, one of light-favoured seeds having a very high 
sensitivity. Their germination curves in daily exposure to high intensity light 
somewhat resembled to the dark-favoured seeds. The only different point, however, 
is that the faborable photoperiod range for germination of dark-favoured seeds was 
very narrow, while the same of Nicotiana type was very wide. It seems that this 
point suggests many problems remained for future studies on “ photoperiodism ” of 


light and dark favoured seeds. 


Summary 


1. “Photoperiodicity ” has been recognized in the germination behavior of “ Light- 
- favoured Seeds” and “ Dark-favoured Seeds”. 

2. Many of “Light-favoured Seeds” are “ Short Day Seeds”, namely, seeds 
having in its germination behavior a tendency of “Short Day Plants”. Each species 
of them has a certain maximum photoperiod favorable for germination. Accordingly 
their germinattion percentage when exposed to continuous artificial light were lower 
than the percentage induced by their maximum photoperiod favorable for germination. 
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3. The favorable photoperiod for the germination of Epilobium covered a wide 
range of durations (100 minutes to 21 hours). The seeds of this plant was con- 
sidered as “Short Day Seeds” in view of the fact that the better germination per- 
centage was promoted by the interruption of the light period with dark intervals 
than continuous illuminating. 

4. “Dark-favoured Seeds” are considered as one form of “Short Day Seeds”. 

5. The author couldn’t recognized a type which may be called “Long Day 
Seeds” which show the rate dropped by the interruption of the light period with 
dark intervals. However, spores of a fern (Athyrium niponicum) obviously presented 
a charactor of “Long Day Plant”. 

The writer wish to express my cordial thanks to Professor T. Miwa for his kind 
guidance during the course of this study and also to Professor S. Hattori and Mr. 
M. Hasegawa who gave me most valuable suggestions and directions regarding the 
present work. The writer also extend his thanks to Messrs. T. Oofusa, G. Shimoga- 
wara and Miss I. Shihira who rendered assistance througout the experiments, and 
to Mr. K. Hirano, M. Chihara and Members of local experimental stations of Japan 
Tobacco Monopoly Agency, and Mr. Goda (Daiichi Gardening Company at Shibuya) 


who collected and offered precious materials for this study. 
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Explanation of Figures 


Fig. 1. The effect of the daylength on the percentage of germination of various seeds. (200 lux- 
intensity ). } 

Nigella Damasena L. 

Veronica persica Poir. 

Silene Armeria L. 

Lepidium virginicum L. 

Rumex sp. 

Lysimachia mauritiana Lam. 

Plantago major L. 


Epilobium cephalostigama Hausk. 
Solidago Virga-aurea L. 
Houttuynia cordata Thrnb, 
Eragrostis ferruginea Beauv. 
Leptandra sibirica Nutt. 

. Athyrium niponicum Hance. 
Eschscholzia californica Cham. 
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1g, 2. The effect of the daylength on the percentage of germination of various seeds under 
different light intensities. 


Formation of storage starch in storage organs. 


(I) The starch formation in potato tuber. 
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The starch formation by phosphorylase has been investigated by Yin and Sun 
(1949) with the germinating soybean, by Nakamura and his co-workers (1951) with 
the leaves of higher plants and by Ono (1953) with guard cells. In order to in- 
vestigate the phosphorylase activity histochemically, the starch free materials are 
employed, or otherwise the starch containing materials were made free of it prior 
to use by keeping them in the dark until the starch disappears. By this procedure, 
assimilation starch could be made disappear comparatively easily, whereas the 
removal of the storage starch was found difficult. Consequently, no information has 
yet been available concerning the starch formation in storage organs and the his- 
tological distribution of phosphorylase in them. 

The writer, however, has succeeded in removing the storage starch from the 
storage organs of some plants and has mads some observations on these subjects. 
The present paper presents the histochemical studies on the distribution and activity 


of phosphorylase in the potato tuber and the starch formation in it. 


Materials and Methods 


Experimental material was very young potato tubers harvested about forty days 
after the mother potatoes were set out in the farm at the middle of May. If the 
tuber was too large, it was found so difficult to remove the storage starch from it 
that only the samples, about five to sixmm. thick, were employed. After the tubers 
with the stem and root were taken out and thoroughly washed free of soil particles, 
they were kept in the dark with the root immersed in distilled water and the tubers 
remained in air, lest the respiration of the latter should be hindered. When the 
temperature was too high, the root became mouldy, so that it was necessary to wash 
it with tap water every day. During this procedure, nearly all the leaves turned 
yellow after three days and fell off after four days, when new buds began to grow 


at the leaf-axils. In six or seven days under favorable conditions, the storage starch 
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This study was carried out in the Botanical Institute of the Tokyo University of Education. 

The writer wishes to express his thanks to Professor T. Miwa for his valuable suggestions 
and criticism during the course of this study. The writer also expresses appreciation to Dr. R. 
Aimi for his helpful guidance in this work. 
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within the tuber became entirely empty. The disappearance of the storage starch 
was examined by inspecting the tuber section under microscope, staining with iodine. 
Employing the materials thus prepared, following experiments were carried out. 
(A) For detecting the distribution of phosphorylase in various tissues of the 
tuber, longitudinal and transverse sections were made with a razor from the starch- 
- free tuber and incubated in a 0.5 per cent Cori-ester solution, buffered at pH 6.0 


lh ‘with sodium acetate. They were then kept in the dark for 24 hours at 20° to 30°C. 


After the sections were taken out of the solution, they were stained with iodine and 
examined under microscope whether or not starch was produced. The quantity of 
phosphorylase within the cells was judged by the amount of the starch produced 
from Cori-ester under identical conditions. 


ce 


In this test no “starter” was used. 

(B) In order to test from what kind of sugars the storage starch can be formed, 
following experiments were made. 

The tubers with short stem were cut off from the plant, which had been freed 
of storage starch as described above and placed inversely in the various sugar 
solutions, with the stems immersed into the liquids while the tubers remained in the 
air. After keeping them in the dark for one or two days, they were taken out of 


the solution and examined for the formation of starch with iodine. 


Results 


(1) Distribution of Phosphorylase 

While the storage starch in the tuber was large in size and globular or ellipsoidal 
in shape and stainable with iodine violet blue, the product from Cori-ester, namely 
amylose, as minute granules or the aggregate of them stainable with iodine pure 
blue. From the amount of the amylose produced from Cori-ester, the quantity of 
phosphorylase in various portions of the tissues were roughly estimated as follows. 

The largest quantity of phosphorylase was found in the growing regions, such 
as the tuber apex and the buds, a little less in the starch sheath and in the cortex, 
still less in the vascular ring and the medulla. Accordingly, phosphorylase was 
found in considerable quantities in all parts of the tissues where the storage starch 
had been found, but was not detected in the periderm. It is worthy of note that 
phosphorylase was also detected in the vascular ring, where the storage starch had 
not been found at all; but no phosphorylase appeared to exist inside of the vessels 
(Figs. 5, 6). 


The internal structure of the tuber nearly corresponds to that of the ordinary stem. However, 
the cambium forms characteristically a complete ring, the spiral vessels pass through the cambial 
tissue, and many lenticels are found on the whole surface of it (Fig. 5, 6). 

The storage starch is filled within the parenchymatous cells of the cortex and medulla as well 
as in the starch sheath in forms of large starch grains, but is entirely lacking in the vascular’ 
ring and periderm. The amount of starch in the cortex is larger than in the medulla. ‘The size 
of starch grains in the growing points, such as the tuber apex and the buds, is very minute. 
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(2) Sugar test 

When the tuber was placed in various sugar solutions for more than 24 hours, 
starch grains were produced from certain kinds of sugars within the cortical and 
medullary cells. The starch grains thus produced showed the same appearance as 
the natural storage starch, being stained violet blue with iodine and differed in 
external appearance from the products from Cori-ester. It was also observed that 
the starch appeared at first in the apex, buds, and neighbouring cells on both sides 
of the vascular ring, and then developed gradually in the interior ceils of the cortex 
and medulla. The formation of the starch grains in each cell began around the 
nucleus and along the cell wall; at first they were minute, but became larger 
gradually, and finally, spreading into the vacuoles, they became to fill up the entire 
space of the cells (Figs. 7, 8). 


The formation of starch in various kinds of sugar solutions was given in Table I. 


Table 1. Formation of starch in potato tubers in various sugar solutions. 


Sugar supplied Concentration sugar solution Incubation time, hr.| Starch test 

, 24, Te 

Glucose LO ee eee ea AR et. cs ee eee 

48 

; 24 _ 

Fructose go eeeeeanenrsnsnaenesnsasaecesacnneaneihifinnenasensnrtversasesira¥neai 
48 _ 
: 24, _ 

Galactose PU eae Riker lhceeteccleatassel bn deat erent 
48 - 
24 + 

Sucrose Bs eter piercer tty rere ot bye, 
48 tt 
24, ar 

Maltose Pe cereale tertile cof sera oh 
48 tt: 
24 - 

Glucose Te A esc re care eecctec tegen tees | roar error cmeene 
48 Ht 
24 = 

Fructose | creettcnee eter ence eammnseannesiney nenconyeciclentie Pee 
48 — 
24 ae 

Sucrose pe patentenanteentnnnmusenenannanemattcenanae enainmaanarcnassteHenenaness 
: 48 ++ 


Temperature 25°-30°C.; — no starch formation; + trace; ++ internnediate; tH abundant. 


As seen in Table 1, sucrose was found, among the various sugars examined, to 
be the most favourable for the formation of starch, which was followed by maltose 
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and glucose, while both fructose and galactose were ineffective. The higher concen- 
tration of sugar appeared favourable for the starch formation. 

In this test, when the tuber was wholly submerged in the sugar solution, except 
in 1% solution, plasmolysis occurred in all the celis and the formation of starch 
could not be brought about at all; submerging the cut stem in the sugar solution 
and exposing the tuber to air were indispensable conditions for the starch regeneration. 


Discussion 


Judging merely from the results of the sugar test, we are not yet certain as to 
the nature of the intermediates which are produced in leaves from the assimilation 
starch and transported into tuber under natural conditions. 

For the starch formation of the tuber in sugar solutions the supply of oxygen 
seems an indispensable factor, since no starch was produced in the tuber from which 
oxygen had been excluded by immersing it in water. As a ventilation system the 
lenticels on the surface of the tuber may play an important role in the starch 
formation. Contrary to this, the formation of starch from Cori-ester does not require 
the presence of air. It appears probable that some aerobic reactions might be in- 
volved in the formation of starch from sugars in the potato tuber. 

When a whole potato plant with its leaves was kept wet in the dark for a long 
time, the stored starch in the tuber gradually disappeared, leaving only amyloplasts 
in the cytoplasm around the nucleus and close to the cell wall, while, the storage 
starch in the tuber of a plant which had been completely deprived of leaves, could 
not be removed thoroughly, however long it might be kept wet in the dark. The 
consumption of the storage starch in a tuber with stem and leaves might be due to 
the presence of the actively respiring parts of the plant. Nakamura (1951) reported 
that amylase content in potato was very small. The abundance of phosphorylase 
as contrasted to the paucity of amylase in the tuber might suggest the importance 
of phosphorylase in the breakdown of storage starch of the tuber. 

When the starch grains of the tuber cell were formed in sugar solutions, they 
start from the amyloplasts which lie around the nucleus and close to the cell wall. 
Accordingly, it may be considered probable that the amyloplasts contain phosphory- 
lase. The presence of phosphorylase in the plastid was observed by Yin (1948) who 
emphasized that “ phosphorylase in plants is localized in the plastid”. On the other 
hand, Stocking (1952) reported that the presence of phosphorylase could not be 
demonstrated in plastids either by histochemical or biochemical tests. The writer 
has also observed in his experiment that amylose was produced from Cori-ester 
even outside of the plastids in the cells of the tuber. Accordingly the problem of 
the localization of phosphorylase in the cell awaits further examination. 

The presence of phosphorylase in considerable amounts in the vascular ring 


devoid of storage starch might have some relation to the translocation of the 
carbohydrates, 


7 
. 
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Summary 


1) The localization of phosphorylase in the potato tuber and the process of the 
starch formation therein were histochemically investigated. 

2) In the potato tuber the presense of phosphorylase was demonstrated in all 
parts of the tissues where storage starch was to be formed, and furthermore in the 
vascular ring devoid of storage starch. The amount of the enzyme was largest in 
the actively growing regions, such as tips and buds of the tuber. 

3) When various sugar solutions were supplied to the tuber through the -cut 
ends of the stem, starch grains were produced within the cells. They arose from 
the amyloplasts lying embedded in the cytoplasm, but not from the vacuoles. 

4) Among the various sugars tested, sucrose, glucose and maltose were effective 


for the starch formation, and the high concentration of the sugars favoured this — 


process. From fructose and galactose, no starch was produced. 
5) The storage starch grains in the beginning of its formation were still minute 
in size and occupied only a small part of the cell, but they became to spread into 


the whole inside of the cell as they grew larger. 
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Explanation of Plate 


Fig. 1. Longitudinal section from a very young tuber showing the vascular ring (V), periderm 
(P), and the storage starch, stained with iodine. x15. 

Fig. 2. Transverse section from a very young tuber showing the vascular ring, devoid of storage 
starch. E.Ph, external phloem; C, cambium; I:Ph, internal phloem. x15. 

Fig. 3. Longitudinal section from a very young tuber free of starch, incubated in a Cori-ester 
solution and stained with iodine, showing the products from Cori-ester staining dark. x 15. 

Fig. 4. Longitudinal section of the same tuber as Fig.3. stained with iodine, showing the starch- 
free cells. x15. 

Figs. 5,6. Transverse sections from young tubers free of starch, incubated in a Cori-ester solution 
and stained with iodine, showing the products from Cori-ester within the cells, staining 
dark. Note the unstained periderm and the deep stained ‘vascular ring (V). I, a lenticels. 
x 15. 

Figs. 7,8. Beginning of starch formation from sugar in the cortical cells,_showing the starch 
grains arising around the nucleus and along the cell wall. Fig. 7, x 250; Fig. 8. x 500. 
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Cytological and Morphological Studies on the 
Gametophytes of Ferns. (VI) 


The vital staining of spermatozoids in ferns. 


By Isami IGURA* 
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The results of the vital (intravital) staining of fern-spermatozoids were not yet 
been reported. Previously, concerning with the staining of living spermatozoids of 
plants, Champbell (1887, ’88) succeeded in Charasp. and Nitella flexilis applying the 
aqueous solution of dahlia, mauvein, or methyl violet and Waldner (1893) also in 
Marchantia and in trout (“Forelle”’) with the aqueous solution of eosin red. These 
investigators made not clear what part of the spermatozoid-body could be stained. 
Yuasa (1937) pointed out that the staining of the living spermatozoid of Pteridophyta 
is difficult and not yet successful. Klebs (1919) studied the vital staining of some 
fern-prothallia with aniline dyes and Reuter (1953) recently reported on the cell- 
physiological analysis of the prothallium in Dryopteris parasitica with neutral red. 
However, these authors did not investigate the staining of living spermatozoid. 

The writer was able to observe the staining of fern-spermatozoids zz vivo in the 
course of researches of the vital staining on the prothallia of Pteridophyta. In the 


present paper the results of this research will be described. 


Materials and Methods 


The spermatozoids obtained from the prothallia which had been cultured in the 

laboratory of the writer. Their species belong to Polypodiaceae and are as follows: 
Athyrium multifidum Rosenstok var. deltoideum Nakai (Satome-shida), Ctenitis 
quelpaertensis H. Ito (Oba-shorima), Dryopteris cystolepidota C. Christensen 
(Togoku-shida), plagiogyria Matsumureana Makino (Yamasotetsu), Pentarhizidt- 
um japonicum Hayata (Inugansoku), Pteridium aquilinum Kuhn var. latiusculum 
Tagawa (Warabi), Rumohra mutica Ching (Shinobukaguma), Thelypteris palus- 
tris Schott (Hime-shida). 


The following thirty-three dyes were used: 
Monoazo group. Acid: methyl orange, methyl red, orange G, tropaeolin 000-1, 


victoria violet. Basic: chrysoidin extra pure, janus green. 
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Diazo group. Acid: congo red, trypan blue. Basic: bismarckbrown. 

Triphenylmethan group. Acid: acid fuchsin, aniline blue, fast green, light green 
SF. Basic: crystal violet, dahlia violet, indigo carmine, fuchsin red, malachite 
green, methyl green, methyl violet. 

Azin groug. Basic: magdara red, neutral red, safranin. 

Oxazin group. Basic: brilliant cresyl blue, nile blue. 

Thiazin group. Basic: methylene blue, thionin, toluidin blue. 

Xanthene group. Acid: eosin, erythrosin. Basic: pyronin, rhodamine B. 

The dyes were dissolved in 0.25-0.002% solution of the redistilled water and in 
many cases 0.01%. One drop of the dye-solution was put on the slide glass and 
then the prothallia were immersed in it. After about five minutes the investigator 
began to observe them under the ordinary light microscope or the phase contrast one. 
Using the solutions of various pH values which were made by HCl- and NaOH- 
solution or the acetate-, citrate- and phosphate-buffer-solutions, their influences upon 


the vital staining of the spermatozoids were tested also. 


Experimental results 


The cytoplasm of the spermatid which contains the spermatozoid in it is stained 
homogeneously whether the spermatid is in the antheridium or is excluded out of 
the latter. The results of the staining of the spermatid will be reported in another 
paper. 

When the prothallia were dipped in the dye-solution on the slide glass, the 
spermatids were soon extruded out of the antheridia. After the spermatozoids came 
out of the spermatids and were swimming in the dye-solution, they were soon stain- 
ed. The movement of the spermatozoid was comperatively active in almost cases. 
However, sometimes this phenomenon was not clearly recognized, perhaps, owing to 
the fact that the dye-solution was not permeable to the antheridium cell or to the 
spermatid, or owing to the fact that the formation of the spermatozoid was not 
completed. Some dyes do not seem to stain any portion of the spermatozoid-body 
though the spermatozoids swim about in the aqueous solution of the dye. The results 
of these observations are shown in the following table. 


The body of the fern-spermatozoid consists of the nuclear part, the cilia bearing 


band, the border-brim, the lateral bar (or sharp ended), the cilia, and the globule 


(Yuasa 1933, ’35, Igura 1950, 51). It is observed that, among these elements, the 
ones which are stained are not the nuclear part and cilia, but the cilia bearing band, 
and perhaps, the border-brim too: the contents (granules) of the globule are to be 
Stained also and their Brownian movements are observed in some cases (Fig. 1). 
The cilia or the globule itself are not stained. In all cases the color of the staining 
is faint. 

As regards the duration of movement, though the spermatozoids were not Stained, 
it was found in Pteridium aquilinum Kuhn var. latiusculum Tagawa that they con- 
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Table. The vital stainings of the spermatozoid-bodies in ferns. 
Species Dyes Si Stee Results Remarks 
Se are eeerstock: lip éntia violet 0.002 x 
Ctenitis quelpaertensis H. Ito Chrysoidin extra pure | 0.02 + Yellowish violet 
» Janus green 0.25 x 
ae ios cystolepidota C. Chri- Fosin 001 . 
Blue violet, slow 
be Methylene blue 0.05, 0.025 a movement 
53 Neutral red 0.002 aE Reddish 
+ Nile blue 0.05 x 
37 | Pyronin 0.02 + Light purple red, 
Bena japonicum Ha- Bevthrcen 0.01 z clearly stained 
A Magdara red 0.02 x 
a Victoria violet 0.01 x 
yf lagiogyrie Matsumureana Ma- Methyl violet 0.005 rs Réddishviolee 
= Dahlia violet 0.1 _ 
a pote aquilinum Kubn var. | pychsin red 0.005 ise 
atiusculum Tagawa 
re Methyl orange 0.01 - 
z | Orange G 0.01 - 
Thionin 0.05 _ 
ie Toluidin blue 0.025 - 
Rumohra mutica Ching | Acid fuchsin 0.0025 + yeeros ce 
5 Aniline blue 0.01 = 
= Bismarckbrown 0.002 _ 
Al Brilliant cresyl blue 0.005 — Active movement 
a Congo red 0.01 ar Reddish orange 
: Crystal violet 0.0025 x 
is Fast green 0.01 x 
5 Indigo carmine 0.01 * 
rs Light green 0.01 x 
* Methyl green 0.01 x 
s Methyl red 0.01 x 
A Rhodamine B 0.01 -F Violescent red 
sp Safranin 0.05 - 
3 Tropaeolin 000-1 0.005 + Orange 
Mt Trypan blue 0.1 =F 
Thelypteris palustris Schott Malachite green 0.02 ay Bluish green 


Foot-note : 


and x “not correctly recognized ”’. 


Marks + of results show “stained and move”, — “ unstained and move”, 


tinued to move for about thirty minutes in the 0.025 per cent aqueous solution of 
toluidin blue, for about ninety minutes in the 0.01 per cent aqueous solution of 
orange G, and for about two hours in the 0.01 per cent aqueous solution of methyl 
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orange (the temperature in the room was 20°C 
and the one in the water was 19°C). The sper- 
matozoids of the same species as above-men- 
tioned continued their movements, being stained, 
in the 0.0025 per cent aqueous solution of acid 
fuchsin and in the 0.01 per cent aqueous solution 
of congo red, for about fifty-five minutes and 
about one hundred ones respectively (the tem- 
perature in the room and that in the water 
were 19°C and 18°C respectively). After the 


spermatozoid stopped to swim, the nucleus 


(strongly) and the cilia (weakly) were stained 
mainly when the basic dyes were used (Fig. 2). Fig. 1. The spermatozoid in liv- 


The influences of the hydrogen ion concen- ing state (some what schematically ) 
in Plagiogyria Matsumureana Makino, 
which is stained with 0.005 per cent 


: aqueous solution of methyl violet. 
stained zz vivo and swimmed about in the 0.001 (x ca. 800). 


per cent solution of dahlia violet whose pH bb: border-brim, c: cilium, cbb: 
value was 10.4, regulated by HCl- and NaOH- Cilia beating Perea 


: ; i: granule, n: nucleus. 
solution (e.g., Athyrium multifidum Rosenstock 


tration on the vital staining of the spermatozoids 


were also studied. The spermatozoids were not 


Fig. 2. Three types of the forms of spermatozoids in Plagiogyria Matsumureana Makino 
after they stopped to swim, colored with 0.1 per cent aqueous solution of dahlia violet. 
(x ca. 800). 

bb: border-brim, c: cilium, cbb: cilia bearing band, g: destroyed globule attached to the 

body, n: nucleus. 


var. deltoideum Nakai), in the 0.05 per cent solution of safranin whose pH value 
was 6.8 of phosphate-buffer (e.g., Rumohra mutica Ching), and in the 0.05 per cent 
solutions of thionin whose pH values were 6.4-8.0 of phosphate-buffer (e.g., Pteridium 
aquilinum Kuhn var. latiusculum Tagawa). Being stained, the spermatozoids went 
on moving in the 0.02, 0.01 and 0.001 per cent solutions of pyronin whose pH values 
were 5.2, regulated by HCl- and NaOH-solution (e.g., Dryopteris cystolepidota C. 
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Christensen) and in the 0.005 per cent solution of tropaeolin 000-1 whose pH value 
was 6.3 of acetate-buffer (e.g., Rumohra mutica Ching). 


General conclusion and consideration 


_ The structural portions of the spermatozoid which are stained do not found in 
the nucleus, the cilia, and perhaps, the globule, but are found in the cilia bearing 
band, the contents (granules) of the globule and probably, the border-brim. Thus 
the vital staining of the spermatozoid, as stated above, is possible. The sperma- 
tozoids are stained by the following dyes and are able to continue to swim: chrysoidin 
(0.02%), methylene blue (0.05%, 0.025%), neutral red (0.002%), pyronin (0.02%), 
methyl violet (0.005%), acid fuchsin (0.0025%), congo red (0.01%), rhodamine B 
(0.01%), and malachite green (0.02%). The spermatozoids were not stained but were 
able to move in the following dye-solutions: dahlia violet (0.1%), fuchsin red 
(0.005%), methyl orange (0.01%), orange G (0.01%), thionin (0.05%), toluidin blue 
(0.025%), aniline blue (0.01%), bismarckbrown (0.002% ), brilliant cresyl blue (0.005%), 
safranin (0.05%), trypan blue (0.1%). 

The cilia bearing band is considered to be the cytoplasmic part and the dyes 
which stain it show the high permeability to the cytoplasmic part of the spermatozoid. 
The dye-solutions in which the spermatozoids swim actively are not considered to be 
poisonous to the spermatozoid, because the duration of the movement of sperma- 
tozoid is not so different, compared with that in the tap water or the distilled one. 
Though Waldner (1893) reported that the time of the movement of spermatozoid in 
Marchantia or trout (“Forelle”) is fifteen minutes in the solution of eosin red, the 
fern-spermatozoid swims about considerably longer. 

The distinct differences of vital staining according to the species of fern-sperma- 
tozoids are not described here. The relation between the chemical constitution of 
the dye and the vital staining of the spermatozoid-body can not be shown also. 
Generally speaking, the cytoplasm is used to be stained with the acid dye, so the 
cilia bearing band which is supposed to be of the cytoplasmic nature is comprehen- 
sible to be stained by the acid dyes but in this studies the basic dyes also colored 
the cilia bearing band. This fact may have some relation with the permeability or 
the chemical construction of the dye, or may depends upon the concentration of the 
dye-solution, corresponding to the changeable physico-chemical conditions of the 
spermatozoid-body. : 

The effect of the hydrogen ion concentration on the vital staining was studied 


also. The fern-spermatozoid was stained with the dye-solutions in the weak acid 


side (ranging from about pH 5.2 to 6.3), and continue to swim in the alkaline side © 


(ranging from about pH 6.4-8.0 to 10.4). The staining is not specially accelerated 


in the pH solution. 
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Résumé 


The present investigations were accomplished on the vital staining of spermato- 
zoids in eight species of ferns, using the dyes which belong to the monoazo group 
and others. Beside these studies the influences of hydrogen ion concentration upon 
the vital staining were also examined. 

Among the structural portions of the living spermatozoid-body, the ones which 
are colored are not found in the nucleus, the cilia, and the globule, but found in 
the cilia bearing band, probably the contents (granules) of the globule and the 
border-brim. 

It is supposed that the dyes which belong to one group show no specific staining 
reaction upon a special portion of the spermatozoid, in other words, no strict and 
constant relationship can be found between the chemical constitution of the dye and 
the staining of the living spermatozoid in fern. 

The living spermatozoid is stained effectively in the weak acid solution and 


continues its movement in the alkaline solution. 


The present writer has to express here his most cordial thanks to Prof. Dr. A. 
Yuasa, College of General Education, Tokyo University and Prof. Dr. H. Ito, Tokyo 
University of Education, for their sincere instructions and influential advices in the 


course of this study. 
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Introduction 


So far, in the genus Secale, 7 species, Vavilovii, fragile, ancestrale, africanum, 
montanum, dalmaticum and Kukrijanovi were described by taxonomists in addition 
to cereale. In the genus Secale, researches on the chromosomes of cereale were 
carried out by many investigators from early days. Vast number of reports have 
been published on the cytological researches on the species cereale since Sakamura 
(1918), Kihara (1924) and others. Moreover, the researches on some of the other 
species were reported by Kostoff, Dokadkina and Tichonova (1935) and many others. 

Yet no cytological studies have been carried out, so far as I know, on the 
remaining two species, dalmaticum and Kukrijanovi. Some cytological studies on 
the species Awkrijanovi were made by the present author and the results obtained 


will be dealt with in this paper. 


Material and Methods 


The seed of Kukrijanovi was sent, through the hand of S. Hori, Professor of 
Gumma University, from G.F. Makkink of Netherlands. 

The root tip cells fixed with Nawaschin’s solution, were used for the observation 
of somatic chromosomes and the permanent 
preparations were made by the paraffin 
method. The anthers were fixed in Carnoy’s 
fluid and preserved in 70% alcohol, and by 
means of aceto-carmine smeare method the 
meiosis in PMC’s were observed. 


Results of observations 


The number of somatic chromosomes 
in root tip cells of this species was counted 
to be 14, just as in the other 6 species of 
the genus Secale, and the chromosomes Fig. 1. 
have almost equal size and they are all 


* Biological Laboratory, Faculty of Technology, Gumma University. 
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bent slender rod or stick in shape (Fig. 1) as in the case of Triticum. 2 members 
Cone pair) of these 14 chromosomes (7 pairs) have each a satellite at one end. 

At heterotypic metaphase in meiosis of PMC’s of this plant, 7 gemini of equal 
size were observed as in the case of other species of the genus. The group of the 
7 gemini is composed of ring shaped and stick shaped ones. The former ones are 
more frequently observed than the latter, viz., the former ones were observed up to 
7 and the latter are at most 4 in one PMC. The frequency of stick shaped bivalents 


in one PMC’s is shown in Table 1. 


Table 1. Frequency of stick shaped bivalenrs at heterotypic metaphase in one PMC’s 


Number of stick 
shaped bivalents 0 1 2 3 4 Mode Total 
Frequency Li 42 57 15 6 ze aleiyd 
% 12.41 30.65 41.61 10.95 4.38 41.61 100.00 


In heterotypic metaphase, one of the 7 bivalents was often observed to split into 
two univalents earlier than the other ones (Fig. 2, 4, 5). Such cases as this were 
already observed in the species Vaviloviz (Nakajima 1953). These precociously 
dividing univalents were usually distributed to opposite poles at ana-telophase, but 
though rare, the 2 univalents were seen to distribute to one pole together (Fig. 5). 

In‘ heterotypic ana-telophase, every bivalent is divided into two elements, each 


of which being separated and finally distributed to the opposite poles as in the case 


Fig. Fig. 3. 
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Fig. 6. Fig. 7. 


of many normal pure species. In rare cases, however, a chromosome bridge or 1~3 
laggards were observed at heterotypic ana-telophase (Fig. 6). 

In homotypic metaphase 7 chromosomes were observed and one of them was 
divided into two parts earlier than the other ones. In homotypic ana-telophase one 
or two laggards were sometimes observed (Fig. 9). 

Generally speaking, the meiosis of PMC’s was proceeding normally as in most 


pure species. 
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Explanation of Figuers 


Fig. 1. Somatic plate in a root tip cell of Secale Kukrijanovi Grossh. x 3000 
Figs. 2-9. Maturation division of PMC’s. x 2300 


2. Polar view of heterotypic metaphase, 611+21 (2 univalents drawn in white were derived 
from one bivalent earlier) ; 

do. 711, one stick shaped and 6 ring shaped; 

do. 611+21, univalents distributed to opposite poles; 

do. 611+21, 2 univalents distributed to one pole together; 

do. 2 laggards; 

do. 4 laggards; 

do. one chromosome bridge; 

do. 2 laggards in each cells. 
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It has usually considered that there are no stomata on the both sides of the 
submerged leaves and on the lower side of the floating leaves of Helobiae. However, 
Sauvageau (1891) reported that there are some stomata on the submerged leaves of 
Potamogeton lucens, and Uspenskij (1913) published the same kind of report con- 
cerning Potamogeton perifoliatus, and again it has been confirmed by the writer 
(1952) concerning some species of Potamogeton, that there are few stomata on the 
lower side of the floating leaves. 

Now, as the writer has discovered that there are some stomata on the lower 
side of the floating leaves of Hydrocharis astatica, too, he is going to report its 
outline in the following. 

Concerning this study, a great deal of kind advices and a heartful encourage- 
ment were given by Dr. Shigeru Miki of Osaka Municipal University, to whom the 


writer’s hearty respect and gratitude is presented. 


Material and Observation 


Materials had been collected at the water pools in Minamikawachi-gun and 
around Sakai-shi, of Osaka-fu, from the end of May to the middle of September 
1952, a part of them being observed through cultivation in the water tank besides 
their direct observation. 

Now, there are morphologically two types in Hydrocharis asiatica (Fig. 1). One 
is the floating type; the petiole is comparatively short, the spongy tissue is well 


Fig. 1. Aerial type Cleft) and floating Fig. 2. Photograph of the stomata of the upper 

type (right). 1/10 side (A) and of the lower side (B) of 
the floating leaf. 

grown into swelled one in the center of the lower side of a leaf and it is floating 

on the water. The other is the aerial type; the petiole is comparatively long and 


emerged into the air, the growth of spongy tissue is not good, and the leaves open 


* Osaka Liberal Arts University, Hirano Branch. 
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into the air. These two types are originally those of the same plant, but their 
morphological distinction is rather clear. That is, the leaves, which come out after 
the winter buds germinate nearly in May, belong to the floating type; and when 
their community has grown larger and their buoyancy increases, they produce the 
new plant of the aerial type from the nodes of the branch and the aerial type of 
leaves comes to cover the water surface completely. 

The plants of aerial type are often seen in the most wetted area around the 
water, too, but so for as the writer’s observation concerns, they came out of nodes 
of branches of the floating type and crept up to the wetted area. Sometimes, the 
forms of the medium type are to be seen. They may be those which were original- 
ly to be the aerial type, but had been forced to sink into the water by some 
accidents. Accordingly the leaves of such a type have almost the same number of 
stomata as those of aerial type. 

As there is the tendency that, when the nodes of young branch is placed deeply 
under the water (about 5cm), the floating type comes out, and when placed shallow- 
ly (nearly on a level with the water surface), the aerial type comes out, it seems 
that one of the factors that determines the differentiation of types, is in the depth 
of water. Although the writer was unable to conclude, merely through his obser- 
vation and experiment, the limit of depth that determines the types decisively, he 
found numerous individuals showing the floating type in the depth of 3-5cm and 
the aerial type in the depth of about 1-2cm. 


(a) Number of stomata 

As to the number of stomata found in the unit area of the leaf surface, there 
are some fluctuations according to the places of collection, individuals, young or old, 
types, and the parts of the leaf. For the microscopical observation, the writer 
collected the materials from 6 communities, and selected 5 stems from both types, 
that came out from the same plant, and took 3 grown up leaves from each of them, 
and made the preparation of the epidermis with the razor. The following is the 
list of average round numbers in 1mm? in both types, as well as cell layers in 
spongy tissue. 


Number of stomata per 1 mm2 


upper side lower side spongy tissue 
; 60-80 20-38 *10-16 
aerial type 
average 70 30 14 
: 60-90 0-4 scant 
floating type sim 
average 80 0.8 scant 


* The spongy tissue of the aerial type is scarcely developed and is merely 
a rudimentary organ. 


e 
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Generally, there are comparatively more stomata on the upper side and less on 
the lower side of the leaves, especially, very few on the lower side of the floating 
leaves. There are some stomata on the spongy tissue of the aerial type, but a very 
Scarce on the spongy tissue of the floating type. 

The density of stomata on the upper side of the leaves is very even; but not 
on the lower side—comparatively numerous on the surface from the pointed top of 
the spongy tissue to that of the leaf itself, and less on the other part. 

It is quite interesting that some stomota are seen, though very few, on the 
petiole of the aerial leaves, but almost none on that of the floating leaves; and on 
the lower side (that faces water) of calyx, 0.5-0.8 stomata on the average were seen 
per 1 mm2. 

(b) Development and the morphology of the stomata 

The growth of the stomata is seen in fairly early stage and before the leaves 
open, and their number, position and direction are to be traceable. Young leaves 
are curled up involutely, and the tissue is so fragile that it will be broken when 
opened by force. The cell of the tissue in that stage is small in size, of compara- 
tively regular polygon, full of cytoplasm (Fig. 3. A). In the mean time, can be seen 
the mother cells of the guard-cells, which come 
out through the division. Almost at the same 
time with division, the other cells abutting on 
the both side of the mother cells divide into 
subsidiary-cells along the guard-cells (Fig. 3.B). 
After the guard-cells and subsidiary cells are 
formed, they gradually grown up fat and large 
into round shape (Fig. 3.C). Number of the 
stomata of this stage is about 380-400 per 


1lmm2, As the leaves grow up, every cell in- 


tan creases its volume, and it comes to a polygon 
Fig. 3. A, mother cells of the guard- having the outline of complicated wave shape 
ceo (Fig. 3.D). The arrangement of the stomata 
B, C, young stomata. 
D, matured stomata. is at randam, having no definite pattern. In 


transverse section of the matured stomata, there 
was not much difference in thickness between 
the side wall of the guard-cells and the others ; 
to say exactly, the latter is slightly thicker 


Fig. 4. Transverse section of the than the former (Fig. 4). 
guard-cells. 


Consideration 


Kimura (1952) says in his morphological studies of Nuphar that N. japonicum 
is a newer form evolutionally than N. ozeensis, having not only floating leaves but 
also aerial leaves, which have no stomata at all on the lower side of the leaves. 
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Generally to say, there are both the aerial leaves and floating leaves on the 
same plant, in case of Nelumbo, Nuphar, Trapa, etc. But as the aerial leaves has 
no stomata on the lower side of the leaves, they are considered to be descended 
secondarily from the floating type. 

In case of Hydrocharis, however, there are stomata on the lower side of the 
floating leaves, and fairly many stomata on the lower side of the aerial leaves, too. 
Then, is the present aerial type the original type of the floating type? According 
to the writer’s point of view, the aerial type has derived its origin from the floating 
type after all, from the following reasons, 

(1) The Hydrocharis that grow from spring to summer, are all of the floating 
type and do not produce the aerial type until the community becomes larger to 
some extent. Accordingly, in case of the small community, they are of the floating 
type alone through their lives. 

(2) The writer stated already in the former part, the aerial type at the wetted 
area of the water side derived secondarily from the floating type, and therefore it 
is not the aerial type from the begining of its growth. 

(3) The number, position and direction of stomata are practically determined 
before the leaves open, but the formation of spongy tissue is later than that. 
Therefore, if the young leaves that seem to become the aerial type, are artificially 
forced to sink down into the water, the spongy tissue developes to some extent to 
get near to the floating type, but those which seem to become the floating type, are 
quite difficult to change into the aerial type, even if they are artificially lift up 
into the air. Namely, the aerial type is rather unstable when compared with the 
floating type and it has the tendency to turn back to the floating type. 


From the above fact, the following system can be considered: 
original type—floating type—aerial type 


By the way, as the stomata on the lower side of the floating leaves are always 
touching the water surface, it is difficult to do any physiological function. The fact 
that they still exist, though very few, forces upon the writer the conviction that they 
are nothing but the pertinacious morphological recapitulation of their ancestral habit 
of the stomata that were of use in the past. Again the writer thinks that many 
stomata on the lower side of the aerial leaves are those which came into existence 
as the result of re-adaptation to the air. 


Conclusion and Summary 


(1) Some stomata are seen on the lower side of the fioating leaves of Hydro- 
charis asiatica, too. But at present, these stomata are physiologically useless. 

(2) These stomata can be considered as the kind of the rudimentary organ. 
That is, Hydrocharis originally had the aerial leaves, which changed to the floating 


leaves in adaptation to the water, as the result of which most of the stomata of 
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the lower side degenerated and very few rudimentary stomata are now seen. 

(3) The present aerial leaves have derived from the floating type and the fact 
that there are fairly many stomata on the lower side of their leaves is the result of 
the re-adaptation to the air. 


Supplement 


A few stomata can be seen on the lower side of the floating leaves of Hydro- 
charis nymphoides Buchen, offered from the Botanical Garden of Tennoji Park, their 
morphological characters resemble to those of Hydrocharis; but as there is not the 
wild plant of this kind, the writer has not studied about it to his regret. 
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It has been shown in previous work (1) that the unicellular alga Chlorella shows, 
in the course of culture under constant external conditions, two distinct phases of 
growth, which were called “ exponential’ and “linear” phases. If the packed volume 
(in ml) of algal cells per liter of culture is denoted by V, the value 4 log V/4t Cé 
being time in days) is constant in the exponential phase, while the linear phase is 
characterized by the constancy of the value 4V/d4it. The exponential phase was 
observed only when the population density of culture was sufficiently low, so that 
practically all individual cells in the culture received the incident light directly, 
whereas the linear phase obtained when the population density was so high that the 
incident light was practically completely absorbed by the cell suspension. 

The effect of light upon the growth rate 4 log V/4t in the exponential phase was 
found to follow approximately the equation: 


AlogV -_akl 
Ae Tee GQ) 


where J is the intensity of incident light (measured in kilolux), k the maximum 
value of dlog V/4t at sufficiently high light intensity, and a@ a constant which 
corresponds to the value d(4 log V/4t)/dI at sufficiently low light intensity. Experi- 
ment showed that the value k is largely dependent of temperature, while a is quite 
temperature-independent. It was also found that the only exception to the applica- 
bility of Eq.(1) was the culture which was held at low temperature (7°C) and 
illuminated with light of high intensity such as 20-50 kilolux. Under these conditions 
the algal cells, for reasons unknown at present, gradually bleached and eventually 
ceased to grow, a phenomenon which was not observed at higher temperature (15°- 
29°C), at least, in the range of the light intensity applied (<50 kilolux). 

A quite different feature in the rate-light intensity relationship was observed in 
the linear phase of growth, which was studied at the temperature of 25°C. While 
the rate of exponential phase of growth was sooner or later “light-saturated” at 
higher light intensities, the rate (4V/4t) of linear growth phase was not light- 


* The Tokugawa Institute for Biological Research, and Department of Botany, Faculty of 
Science, University of Tokyo. 
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Saturated, but continued to increase with the increase of light intensity. Assuming 
that with the depth of culture the light intensity decreases according to Beer’s law, 


it was theoretically deduced that the growth rate at linear phase should follow the 
equation: 


4V 
ae 53x log ( | (2) 


At eD oy yes 
where ¢ is the extinction coefficient of the algal suspension, and D depth of the 
suspension in the direction of incident light. By applying to Eq. (2) the value of ¢ 
experimentally obtained, and k and qa determined for the exponential phase of 
growth, it was shown that the correspondence between the observed and calculated 
values were satisfactory, as far as the data obtained at 25°C were concerned. The 
purpose of the present work is to test whether or not Eq.(2) can cover also the 
data to come out at temperatures other than 25°C. 


Experimental 


The alga (Chlorella ellipsoidea), culture solution (‘‘ Nitrate-A”-medium), culture 
vessel and other arrangements used were all the same as those reported previously. 
The depth (D) of the culture being 2.8cm, the population density was kept always 
higher than 2.5ml]/lit. (in the experiments of light intensity lower than 2 kilolux) 
or 7.5 ml/lit. (when light intensity was higher than 5 kilolux), which has been found 
to be high enough a density to show the linear phase of growth. The culture lasted 
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Fig. 1. Linear growth rate (AV/At) of Chlorella in function of light intensity and temperature. 
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15 to 20 days, during which period the condition of culture medium was kept con- 
stant by refreshing the culture solution every 2 or 3 days. Intensities of the light 
applied were 0.8, 2.0, 5.0, 10.0, 25.0 and 50.0 kilolux, and the culture temperatures 
were 15° and 7°C. 

In Fig. 1 are plotted the average values of 4V/dt observed during the whole 
culture period, together with the data for the culture temperature of 25°C which 
has been already reported.* The continuous curves drawn represent the theoretical 
values calculated from Eq.(2) by applying the following values which have been 


determined previously : 
As may be seen, the correspondence 


25° . 15° Bs between the observed and calculated values 


is fairly good as a whole, except for the 


macy) ahr! cases of high light intensities (25 and 50 
a (1/day-kilolux) 0.45 kilolux) at 7°C. Under these conditions a 
e (1/cm-ml) 0.41 remarkable bleaching of algal cells occurred, 
Den) 28 as it was also the case in cultures of lower 


population density (Cf. 1). 


Summary 


Effects of light intensity and temperature upon the growth rate of Chlorella in 
cultures of high population density was investigated. It was shown that, by and 
large, the following equation fits in with the experimental data obtained in the 
temperature between 7° and 25°C and the range of light intensity between 0.80 and 
50.0 kilolux. 


AV. 53xk al 
he SASS log (1+ i) 


where V is the packed cell volume (in ml) per liter of culture, ¢ time of culture (in 
days), k the maximum growth rate (4 log V/4t in 1/day) at each temperature, a@ a 
temperature-independent constant (in terms of 1/day-kilolux), e the extinction coef- 
ficient of the algal suspension (in terms of 1/cm-ml), and J the light intensity (in 
kilolux). The only disagreement between calculated and observed values was found 
in the cultures of low temperature (7°C) kept under strong illumination (25-50 . 
kilolux), in which case the cells gradually bleached and eventually ceased to grow 
for some unknown physiological reasons. 


* At 7°C the cultures illuminated with lights of 25 and 50 kilolux showed a gradual decrease 
of growth rate with the progress of culture, so that the steady values of linear growth rate could 
not be determined. In these two series of culture the averages of daily growth rate was calcu- 


lated from the increase of packed cell volume which occurred in 10 days from the begining of 
culture. 
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Genetics of Collybia velutipes, 


I. Mating type and barrage phenomenon (2).* 
By Tsuneo TAKEMARU** 


HUAMHHE: = 7 427 ORY, 1 RAMEN 7-7 RR 2) 
Recived November 10, 1958. 


Barrage Phenomenon 


When mycelia are grown side by side on nutrient agar, a line of demarcation 
frequently develops between them. This phenomenon is found in many cases between 
mycelia belonging to different species and genera (Harder, 1911; Zeller and Schmitz, 
1919; and many other workers). In some instances, however, the reaction may take 
place between mycelia derived from spores of the same species. To the powerful 
mutual aversion which is striking between certain monosporous mycelia of the wood- 
destroying fungus Lenzites betulina, the name “ barrage” was given by Vandendries 
and Brodie (1933). On the cause of barrage between mycelia of the same species, 
the following two interpretations are given: (1) The barrage is of entirely hapha- 
zard appearance but not of inheritable character, and, on the contrary, (2) it cor- 
relates perfectly with genetic constitutions of the mycelia paired. Aversion between 
certain strains of Fomes pinicola was noticed by Mounce (1929), who reported that 
there was no regularity in the occurrence of the phenomenon and it was impossi- 
ble to make a satisfactory investigation of the cause. Cayley (1931) reported 
the aversion between some strains of Diaporthe perniciosa, concluding that the 
cause of the reaction was chemical and the effect was not definitely correlated 
with the genetic characters of the monosporous mycelia. On the contrary, Oort 
(1930) clearly showed that one of the two pairs of mating type alleles was responsi- 
ble for the aversion in Coprinus fimetarius. By extensive studies on the barrage 
effect manifested between monosporous mycelia of Pleurotus columbinus (Vandendries, 
1932), of P. ostreatus (Vandendries, 1933), of Hypholoma Candolleanum (Vandendries 
and Brodie, 1933), of Coriolus zonatus (Vandendries and Brodie, 1933), and with 
special stress of Lenzites betulina (Vandendries and Brodie, 1933; Vandendries, 1934; 
Brodie, 1936a), Vandendries and his collaborator have proved beyond all doubt that 


the barrage appears only between any two mycelia which are heterozygous in the 


* Contributions from the Divisions of Cytology and of Genetics, Botanical Institute, Faculty of 
Science, University of Tokyo, No. 352, and Contributions from the Division of Morphology, Biology 
Department, Faculty of Science, Tokyo Metropolitan University, No. 8. 

** Biology Department, Faculty of Science, Tokyo Metropolitan University Setagaya-ku, Tokyo. 
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Figs. 5-9: Barrages manifested b tween the monosporous mycelia of C..velutipes. (Experiment 


Ties): 

Fig. 5: Barrage manifested between No. 18-(AB) and No. 3 (Ab), 
Fig. 6: between No. 5 (ab) and No. 13(Ab), 

Fig. 7: between mycelia derived from the same spore (No. 6, Ab), 
Fig. 8: between No. 4(Ab) and No. 7 (Ab), and 

Fig. 9: between No. 16(Ab) and No. 15 (aB). 


allele B* independently of the allele A. They also concluded that it is difficult to 
explain the barrage effect on a chemical basis. The barrage phenomenon in nature 
was found by Brodie (1935) between two dikaryotic mycelia of Corticium calceum. 
In some of the combinations between the single-spore mycelia of Collybia 
velutipes, the barrage phenomenon was observed (Figs. 5-9). To examine whether 
or not the barrage in this fungus is manifested in any correlation with the mating 
type alleles, the following two experiments were done: Four weeks after any two 
of the twenty-one monosporous mycelia of the fungus had been inoculated side by 
side on agar slants or plates in all possible combinations, each combination was 
macroscopically examined for barrage (Experiment I). Six months later the experi- 
ment was repeated (Experiment II). In the latter case, however, the examination 


of barrages was done after two weeks since the mycelia had been inoculated. The 


* The choice of B rather than A is arbitrary, but it follows the notation employed by Vanden- 
dries and Brodie (1933). 
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results of the two experiments are incorporated in Table 2, in which a minus sign 


e absence of barrage, a plus sign its presence, and a double plus sign the 


indicates th 


presence of extraordinary barrage. 
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Brodie (1936a) has reported in Lenzites betulina that the barrage between the 
monokaryotic mycelia of compatible mating type (ABxab and AbxaB) soon dis- 
appears because of the fast development of dikaryotic mycelium which rapidly covers 
over the barrage. In C. velutipes, however, such type of disappearance of barrage 
is also noticed between incompatible monokaryophytes as well as between compatible 
monokaryophytes. The sign of ‘4+ in Table 2 shows that the barrage became less 
and less within the course of next one week, and the sign of “+ shows that the 
barrage finally disappeared. On the contrary, in the combinations signed by — the 
barrage appeared within the course of next one week, and in the combinations 
signed by +° the barrage became more and more striking. Thus the appearance of 
the barrages in C. velutipes changes with the course of time. Therefore, when the 
examination of barrage is done after the different lapses of time from the inocula- 
tion of mycelia, the different results will be obtained. Vandendries and Brodie 
(1933), Vandendries (1934), and Brodie (1936a) have also reported in Lenzites 
betulina that, as the vigour of the mycelia wanes under unnatural conditions of 
artificial culture, the barrage action becomes less and less and finally disappears. 
Comparing the results of writer’s experiments I and II incorporated in Table 2, it 
may be seen that, in some combinations, the barrage manifested in C. velutipes dis- 
appeared within the course of six months, while in other combinations, the opposite 
situation resulted. 

The inequality between the results of experiment I and of II seems, however, to 
be caused not only by the phenomena mentioned above, but also by any other 
physiological natures. In either case, the barrages manifested between monosporous 
mycelia of C. velutipes seem to be not a constant character, differing from the 
barrages observed in Lenzites betulina by Vandendries and his collaborator. The 
barrages in C. velutipes may also be manifested between the mycelia belonging to 
the same mating type, and, in a few instances, even between the mycelia derived 
from the same spore (Nos. 6 and 9). Thus the theory advanced by Vandendries 
and his collaborator cannot hold for C. velutipes, in which the barrages exhibit a 


very irregular distribution as shown in Table 2. 


Summary 


A mating experiment using the twenty-one monosporous mycelia of Collybia 
velutipes shows that this fungus is heterothallic and tetrapolar (Table 1). The 
foregoing result confirms the statements of Vandendries (1923), Zattler (1924), 
Heldmaier (1930), and others regarding the mating type of the fungus. 

Twelve months after these monosporous mycelia had been isolated, the spon- 
taneous dikaryotization were examined. Twenty of the twenty-one monosporous 
mycelia remained in the monokaryotic condition. It is concluded that the fungus is 
stable for mating type, and that the “hétéro-homothallisme” theory advanced by 


Vandendries (1925) is hardly applicable to the fungus. 
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In some of the combinations between the single-spore mycelia of C. velutipes, 
the barrage phenomenon as shown in Figs. 5-9 was observed. The barrage mani- 
fested between the monosporous mycelia of the fungus, however, exhibited a very 
irregular behaviour as shown in Table 2. The theory advanced by Vandendries and 
bis collaborator in Lenzites betulina and other hymenomycetous fungi that the bar- 
rage appears only between any two mycelia which are heterozygous in one of the 
two pairs of mating type alleles independently of the other pair of the alleles can- 
not be applied to C. velutipes. 

It is shown to be possible to control the conditions of culture in such a way 
that the fruit-bodies of the fungus can be developed aseptically in a glass container 
as desired. 

Most parts of the present experiments were achieved from April 1950 to March 
1951 for the graduation thesis of the University of Tokyo, and it is a great pleasure 
for the writer to acknowledge his indebtedness to Professor Y. Sinoto and to Dr. N. 
Tanaka for their cordial leadership during the work. ‘Thanks are due also to 
Professor H. Ono for his encouragement and very helpful suggestions. He also 
wishes to thank Professor K. Dan for his correction of manuscript. Further he is 
indebted to Mr. B. Sakai for making photographs. Finally he wishes to express 
gratitude to Mr. K. Aoshima, who kindly provided him with the original culture. 
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in Solieria Mollis (HARV.) KYLIN 
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Fig. 1. Development of carpospores in Solieria Mollis (HARV.) KYLIN. 


a) A liberated carpospore with central nucleus and chromatophores surrounding the 


nucleus. Diameter. 27p. 


b) The first segmentation, forming two cells. (12 hours after the spore liberation.) 

c,d) The second segmentation, forming four cells. (40 hours after the spore liberation.) 
e,g) Further development, forming multicellular body. (4 days after the spore liberation.) 
h,i) A parenchymatous cell developing further. (6 days after the spore liberation.) 

j) Abnormal development, having no protuberance. (7 days after the spore liberation.) 
k) Discoidal germinated body. (14 days after the spore liberation. ) 
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Fig. 2. Development of tetraspores in Solieria Mollis (HARV.) KYLIN. 


a) A liberated tetraspore with a central nucleus and chromatophores surrounding the 


nucleus. Diameter 27v. 
b) Abnormal shaped tetraspore. 


c) Spore that arised protuberance from a part of cell body before the first segmentation. 

d) The first segmentation, forming two cells. (12 hours after the spore liberation.) 

e,f) The second segmentation, forming four cells. (38 hours after the spore liberation.) 
g~i) Further developmént, forming the multicellular body. (4 days after the spore liberation.) 
j) A parenchymatous cell develops from a part of cell body. (5 days after the spore 


liberation. ) 


k,1) Discoidal germinated body. (14 days after the spore liberation.) 
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Summary. 


(1) Spores of Solierta Mollis (Harv.) Kyitin develop in the same way as spores 
of Callymenia perforata J. Ac. in the same Fam. Callymeniaceae, by means of 
“Typus discalis mediatus” established by Inoh (1940). 

(2) Solieria Mollis (Haryv.) Kyitin and Chrysymenia Wrightti (HARv.) YAMADA 


are distinguishable in respects that the former develops by means of “ Typus dis- 


calis mediatus” and the latter develops by means of “ Typus tetraprotocellularis ”, 


although they resemble closely in their external structures. 
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Ryuso TANAKA: Morphologische und cytologische Untersuchungen iiber die 
zwischen den Rassen von Chrysanthemum wakasaense (2n=36) und Artbastarde 
Ch. indicum (2n=36). (Botanisches Inst., Hiroshima Univ.) 
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NE ls fase ae rue re 
By Fr 1 [eeRee 1 [EE 1 [eee 2 [eee 
$f te OD # 11~15 23~31 49~58 
i WH OD Be 33~42 27~31 15~20 
Fx Sh fll D HB i FO TE Bik Ree BIE i 
Bene! BAEC HE Af PH LRA a 8, 
BARTER | eo ce | Bee pes Bests 


e& 2 32. Ch. wakasaense © AW! x Ch. 
indicum © F; ci8d ZRAAOX 


SOBER LEW SOI 
4 (KO xt (Za 

VV +7 111 - 1401 + 15 US 
liv + 110 + 1311 + 31 2 
2111 + 1411 + 21 2 
HOY 5 h0gt se aay al so PAC 14 
liv + 1611 42 
LI + 1611 - 11 32 
DU 4 Loin) 31 10 
1811 e 


2. Ch. wakasaense (B 7) x Ch, indicum © 
fEIRIMLAR Fi. C DASA TSC 20 fH O/\TE% Behe 
Sec 5 (HAO RINE F) 248$b6nk. oh 
5 fKO HERO IMDIZRRILARI CG, 40 
BB AABUX 2n=36 Pied bi PLOAURF RBA 


HORMChHH. CD Fy, 5 (AKe Ht ONDE 
REAR LCAZL, CO F, (OMB, TE 
OBBABAICHC Ch. indicum DZHKMUL 
CWS (53H) COCL(AZ A HxCh. 
indicum © Fy OW XPS DicthBL CW So 

WET AICIAIT SLB AOWE D BEER & BS 
ARIK CORICRT I< BRLURDRRO 
PUL 146 CG, MEOW 8 MBChoOk, Ch 
b OX OM te dy CHPVAE ORS DOR D 
(t 2iv+l14ur «< (MO B), CHIRMBSHre 
FFBUED 34% BREDMTCWOKRS 

3. Ch. wakasaense (C @)x Ch. indicum © 
FRE Fi, BEd SMe 20 fHO/MED 5 3 fA 
(ORME Fi 248b6hnk, Chb 3 fe 
(RAN NCINBASE CWC ce, FEARS 2n=36 
CHL BUTE ABMOMCHOR, CD Fy 


OAT AE It Ch. indicum ONFZITRR < ADL, 


CORT S GMA Had 2 GCii<7o REET 


sf 3 42. Ch. wakasaense © BA x Ch. indicum © Fy EMRE OPVRO Lig 


ie rs Ch. bel dae F, Ch. indicum 
a le Ieee Sem eaten 1c WIE 
zu H 2 Tale 1 Be 1 lee 2 (mlpezy 
MIE 2 (REY 
oR Pa OD Be 15~28 33~43 49~58 
Ft aE Ne i 4 
Ka ti IE D # 27~34 17~22 15~20 
SESE HD 8B Ho HE Be But HIVE Ie 
sageoyen (BED HI rats pee ste 
Eee D 7 = 
RTM Be oe eS rf ~ NE Besites 
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trot C Hx Ch. indicum DBSXLO LR 
C5 Ro HICMBH OMMOUIIEILIAE Ch. 
indicum tI CCHZ, 

BATU IIT SRE AOME OME [gee 
6 ARIAT. PRbODMBSHE GB MORI(t 
138 G, XeoWit 9 fA GChOkK, CHHO 
NEOMO rd Ci BA HO BLE Eorol 
3IV+1211 -C (MOC), CnitM#Bsnr-awK 
D 29% “GOT, 


DLE O> RIFE IC AUS 4 RSE Lhe Z 
IK, TOMMBRRICOW CASE, CHOE= 


BS 5 #2. Ch. wakasaense © CH x Ch. 


O38 


By 4 5%. Ch. wakasaense © Bi x Ch. 
indicum % Fy ICfAip Awa fKoxy 
OBER & HN OFA 


3 £8 (kK DX} & EER 
21v + 1111 + 121 4+ 11 15 
IIv + 2111 + 1211 + 21 1 
2IV + 1411 50. 
JIv + 1110 + 1411 + 11 30 

211 + 1411 + 21 13 

liv + 1611 6 
III + 1611 + 11 18 

18I1 13 


indicum © Fy tit ORO Ley 


# E Ch. ce ees F Cheindicum 
# iE BELLOW “DIRE RE 
U Fr 1 Re 1 eRe 2 Aral SIR ACEZAD 
Aes ee yee 2 [a)Zeeu 
SB HD 17~28 35~45 49~58 
FE RE A AR A 
RB HH D RB 24~33 16~21 15~20 
ix St fi] O Bi HO BG Re FIZZ ItEINE NZ NT 
BAIED A BAIT WSS S, suf, 
5 D 
BEM S loa ccovasag-| suse ais eke E1e ws sete 


® Fy (i Ch. indicum OWROFBAICB CH 
CHE LCWS, Fithd Ch, indicum O/H 
(k AH xCh. wakasaense D F; IC#8lIF SLO 
4 B #JxCh. wakasaense © Fy (Cf cit < 36 
FAL CWA. Ble CHxCh. wakasaense © Fy 
CPS CURR <, C+ SOMAICBCIBL Ch. 
indicum (C—-HLCW4. Shbbdeesopfa 
(¥ Ch. indicum OAR < HAL CWA, 
PEDO BBBRI OC hOO= CORN 
ILA ICL, HITZ OMEILS MA BAKO 
HEABICI CMB CHS. MAILHRALORS 
BOWS OMI UCHR St, AMABEL 
fo Fi Glh liv+16il, B Water Fy Gxt 
2iv+l14i1, C WaRtce Fi Git 31V+120 
CABS EO MAB AAS 1 EDOB. NS 
Yaka b SRM SN COATS OMICBL 
ch AMAMX UL Fy lk 1iv+1u14+14U+ 0, 
B We Wee F, lk 2vt+1+1204+U, C 


8 6 #. Co. wakasaense © CH! x Ch. 
indicum © Fy (Icf&it Z4fhox 


OBE LENE OVA 
Ye £8 (kD Xt ZEB 
4iv + 101 + 811 + 11 3 
AlV ai Feith 5 
31v + 1111 + 1011 + 11 8 
2IV + 2110 + 1011 + 21 14 
3IV + 1211 40 
2iv + lit + 1211 + 11 34 
JY Se AGRE Ge AGT se AAI 15 
2IV + 1411 17 
WAY Se Uh = ee 2 


Weppe Lt: Fy (h 4IV+111+8i1+11 CHA 
DICE He SIE EG MAEAD BV. ME Hy 
FY{EORLDOMSOMCOWCHSEL, Wo 


94, hit 4 RE ee 
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RX]. =O FF, OWE 1 PROF 47 + RY AMICK CREA ODER 
A, 1lIv+16lI, Ch. wakasaense © AW! x Ch. indicum ® Fy, 
B, 21v+14l1, Ch. wakasaense © BH x Ch. indicum ® Fy, 
C, 3Iv+1211, Ch. wakasaense © C # x Ch. indicum ® Fy. 


(x 1811 GC, SME ACP Skea 
BSnkieMme, C MeHeE LE Fi (k livt 
UU+1404+1l Gh46, tONFIRHICS Mili 
BALMS, CHORMBRIAH Swe 
EG OMS ES MAAALS (FERMTSEO LR 
FRUTW So Elli UR SPAERESS Ch. indicum 
Wc ARIMA «Fi (zt, Ch. indicum OF 
ae FEAT SAF HOKBRAKES<( ALT 
ZrewHEeset 2H, DS WAIL Ch. 
2 AVANCE USA ChZCL Pb 
CFs Kis LUMA 1989 ts kU PARE 1939) 
MPO WR 2s Ch. indicum HY Ace 
DC HAIN FH PY fil Ye CfA IC BSD S SK 
SNS. LELTHMPSBEA Fi (CH cH ili 
RAK HDT SIO OME {KO HD Ch. waka- 
saense ICHDETA 2 (ADU HfAL SNS, 
<® Ch. wakasaense (CG EN AUK Ch. 
indicum OAK CPAP BKOMI F, O 
PURE AKORMD DHEES SOLACE A, tie 
bbDPpDDWAfKOMIX Ch. wakasaense O= 
IORI CHEE L, PIMA DE 4 DBS 
TSF PLUS A MICRCHED<, Diz 
BARS MHATS Fl 24S C Wicjs 
CRA SRETCLMDDS,. BRAC DDAAY 
GAKOMe Fi OPMGRWCR CHL BME cH 


indicum 


HE LIEN ORNE GM Z PME BK D Bd 6 HEE 
LCASL, A Mik livt+lé6ll ON4AR4LS 
AAT S Fl RLCAZDODMm]}|mMw fA (Kas 2 
fa, B Wi 2Iv+14l RLSM S Fy 
RECSPSDPDSRAKA 4 fH, C Wik 31v 
+120 R44 SRT S Fi RECS bA 
DOYAKD 6 AFFL CWSELICRA, 


AGN EG (1948) (& Ch. wakasaense % Ch. Maki- 
noi (2n=18) OBAMAS ARL BL Ch. 
Makinoi OEE Lito Lael FAKKKUES 
(1950) ICL SX, © OMPAPOTAIIC (LBA BIC A x 
7TTRRAA, ETNA KRE OFF L, BIN (EEO IRE 
OF, PERE O FFE, MH OVE ORE OTE 
LCOS OMBS AEF 4 b,c OMIT 
OIL S—fitKhe TOMAS ON 
FLW SUSPECT SIT BA RIZOV> 
Th PERKOMAR (1940) (2-3 
OPM REICH OA, —EBILIERAID Ze Zefa fk 
CHO, EOC Ch. wakasaense (LESH 
POA CRWC Le SPIEL CWS. REIT 
(1952) Ch. Makinoi & Ch. wakasaense +} 
TINE Fi (=fSth) oes MeL, = 


DVO ARABS, AEMPRAID-C BBs 2~ 


Se ee = 


—-— 


a 


“ 


Mar.—Apr. 1954 Bot. Mag. Tokyo, Vol. 67, No. 789—790 95 


3 fal DRS PAIC BY L CISSEAIA CSS LVS SER saense OJP BRAT 7 ORICA 
eECWSo COLL LS OMROMHL—BL MSECERRT4LOCHS. LOLTHPHATT 
TS LAULTPYS Ch. Makinoi OAK & AOBROE CURB FMRA & LCRROBS 
SPH Kt, 6 ODP SE Ba betbe ARDEA EH OD BRAMMO CWO SO LASHES 
Ch. indicum O2fafk? AMPA ACH ARC SHAZDCHS, 
EDHeeaeNSs,. CORBI Ch. wakasaense [t HE OID CATH IK GHAR 7 AEE MO CVS 
cEN ROS 2 72n< BIC Ch. Makinoi O%fatk KipRSeds FAAS ACER SRB eR 
Of LGD Citic <, SHiIDSOK HR FSo 
PUfSfA-C, 2k < Ch. Makinoi O%fatkic kh 
PYLEAKE Ch. indicum OFAC RES 4 2 
FRE DIES LKMGRAG, Webs “segmental Chrysanthemum wakasaense (2n=36) (X28 
allopolyploid”” (Stebbins 1947) XL#E@AHSZ, i ANICBOCUSMChAD, BHLZOBRO 
MSE IL Ch. Makinoi & Ch. wakasaense + © ALB Split AMO— DLL Co OMRR 
AEE OBPFE (1952) ICP, BRIO Ch. fFOt., Ch. wakasaense OFS Wir=W CA BH, 
wakasaense OFFIC EDC Ch. Makinoi Of BH, CH) FEU, CO=HMZHEHLE Ch. 
1K USERRA AOR AD ORT ZCLY indicum £2 2#E LC SMR ORMER Fy % 
MALE, COU LLC OMREC LOCH om PEO, CALDIEO SER URS EE UE 
Sank, LUCHA 5 Ch. waka- wi, CO=BEO EF, IAHR REKOR 
saense OHNE Ch. Makinoi ODR&fRICHIA SICAL CHET So LAMBILE, COLL 
RABE Ch. indicum OF AAICHALAS & Ch. wakasaense © A, B KU C O=HI(E 
RE DSARRUCE CHART OW < DOPOD RT POPES PCE CH ICMES S © & OE 
ACEAMSDLHOR, COX LE Ch. waka- EHDA. 

Resiimee 


Chrysanthemum wakasaense (2n=36) ist eine nattrliche tetraploide Art, die 
hinsichtlich des ausseren Form eine grosse Variabilitat hat. In dieser Untersuchung 
wurde eine Ursache seiner grossen Variabilitat untersucht. 

Bei der Untersuchung wurden die drei Rassen A, B und C von Ch. wakasaense 
ausgewahlit, die hinsichtlich der gesammelten Gegend und ausseren Form vonein- 
ander verschieden. 

Diese drei Rassen wurden jeder fiir sich mit Ch. indicum typisch (2n=36) 
gekreuzt ; 

(a), Artbastard von Rasse AxCh. indicum hat eine intermediare aussere Form 
zwischen den beiden Elternpflanzen. In der Meiose dieses Artbastards wurden die 
Chromosomenkombinationen liv+1n1+1404+, liv+1114131-+-31, 2u1+1411+21, liv+ 
5u+21, liv+16u, lin+16u+11, lim+151+31 und 181 (Mode liv+1611) beobachtet. 

(b), Artbastard von Rasse BxCh. indicum ist hinsichtlich fast aller ausseren 
Merkmale nicht intermediar zwischen den Elternpflanzen, sondern er ahnelt mehr 
dem Ch. indicum als dem Ch. wakasaense. In der Meiose wurden die Chromoso- 
menkombinationen 2iv+1mi+12u-+U, liv+2m14+12u4+21, 21v+14u, livt+1ni+140+h, 
2n1+144+21, liv+16u, 1mi+1611+11 und 181 (Mode 2iv +1411) beobachtet. D. h. in 
diesem. Artbastard treten mehr Tetravalenten als in dem oben erwahnten Artba- 
stard (a) auf. 

(c), Artbastard von Rasse CxCh. indicum ist dem Ch. indicum sehr auffallend 
4hnlich. In der Meiose wurden die Chromosomenkombinationen 41v-+101+80+h, 
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4jv+10u, 31v+101+10n1+h, 21v+21m1+101+21, 31v4+12n, 21v-+lii+12n-+h, liv+21i-+ 
121-+21, 21v+14 und liv+11m1+141-+11 (Mode 31v+1211) beobachtet. Im Vergleich 
mit den Fallen von Artbastard (a) und Artbastard (b) treten die Tetravalenten in 
diesem Artbastard noch mehr auf. 

In dieser beobachteten Ergebnisse kann man die folgende Tatsache erkennen, 
dass je mehr die aussere Form eines Artbastards zur Form von Ch. indicum ahnelt, 
desto die Tetravalente in der Meiose solches Artbastards mehr auftritt. Diese 
Tatsache zeigt es, dass in den Artbastard (b) und noch Artbastard (c) ein solches 
Chromosom, in dem die Elemente von Ch. indicum getragt werden sind, sich ver- 
mehrt ist. Ein solches Chromosom soll von der Rasse des Ch. wakasaense aus stam- 
men. Daher sollen die Rassen A, B und C von Ch. wakasaense beztiglich der Zahl 
eines solchen Chromosom voneinander verschieden; sie soll in der Rasse A am 
mindesten, in der Rasse B mittler und in der Rasse C am meisten entgehalten 
werden sein. 
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Fuji YOSHIMURA: Some physiolozical characters of long- and short-day plants. 
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AEFI © PSS OTFET SD EK (LO Ee 
PPHORMAMS° EDM t Hbns, Biia- 
ning) (C kei SSM. S ARSE 
UC EBAIRRED 9 RAAT BIBER TA. RD 
DI CPC PARMICREBSNSA, tO 
HID BIBO RISK kLOcMMSHS™, LP t 
SP ¢(i@HORBICEtT CRA. Bite 
DPMWALOM LE LCeyv FYRU SA KOR 
fe OM, Ue —ABRO Bise{be aR 
ies 

BML LP RU SP OfBMHHCOMcL= 
DER Lico 


RRA 

aRHin (GAL RHMOS< (TREE HY 
CHIDACHE LK. LP (tH HAA (8~10 
BREDE) OFC, SP (RH BE CROLCH 
ScRRBHOD PCH Lic HAMISMOS< KATE 
EFRON 4LEMRLOX HK. BEICL 
OIGBWEELEEICH Re, WEED BBE < 
L, DK &bAAMITIZREAILABD bt wa 
WEHOLOP ALK. BRICK ILHA KAS 
RCHOBE RMA BOS ARIC 20~50 Ae 
Favor Wet 2~3 BRO RL CTR 
DEER REDE o 

BOBRURMEMOBiE thr 2 thc 
, UL(ERO & < fFbNCIAKD A 16 BRC, 
ZOLA Sib AV DECLARE LK. fh 
DMO LOLA OMMSBICBL, WH SHE CH 
KO RBARICA RIEZRR Lio Ol 
FER 20°C DLEICROR. HMR OBRRUPTK 
(Linz ee UCHOMMICRG S BIER KDE 


* AeA PS BDF AS 


TED MR OPER ERT DICE HERD EEO 
7o FUR LEED bE e BV CH BI 
TEMA DRS, DIM LK, WMS 
RTE LIRA CMB EL, Fv r—-R—o-w 
CR LUCEBORBE LK, SBE e—1n 
“RAP ORCLOCERBLE. RIK tb Mit 
Johnston 22s Dore?) OAH ko cH, JE 
tue, WORN i ee -KeERLES BY 
FEA (LHEMI 100 cm? CX SA CHL 
FPAAWEYRBORS RAROYFI7A? 
AERO KO, SHE 02~-05¢ eC 
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I. HICH SROSESSOFTIE 


JETER tre & BUR Te OD Ph Be BEC S 
23,95) PEORFIX IEAM t OMbTEO BES 
BAe h BAM Ch S. SP CISTI O 
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ESET ITI S LP XU SP OB BMH 
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Hi “th ak 
fa Hy Rea Of dis ; S om \ a ys (of 
#) (mg) és (mg) — om %) | (mg) | # (mg) | fd (7%) 
(45 HHA) 
TWF 330° | 185 20 14.10 12.59 in 
RSA 992, | 190 14, 10.41 9.58 9 
yy 262 230 12 13:78 13.78 0 
y y* 9 Mee 199 20 13.78 11.87 14 
x7 560 503 10 60.96 54.86 10 
TRAE 293 260 11 17.09 15.67 8 
4 KCB) 253 239 6 14.73 14.22 3 
eA» CIEE) 237 204 14, 14.48 12.32 15 
hy ev ay(BA) 196 191 Cas Ges ces 11.18 2 
Ry ep ay (ie) 23am 199 14, 14,73 12.32 16 
(Rat) 
my x 7 *t 682 622 9 48.52 48.52 0 
AYAKA AY 214 176 18 14.22 14.22 0 
ay KY 209 193 8 22.86 22.72 1 


* GEIR 5 H fale BAe 


REAP OPRE OUD es, HS 8cm 100 LOK 


WS LVDS SP Elk 10% AMHOiKDABO 
tio RAABRUb VY EP zy CIGAR) 
MA D(TMICMOAAA CH OKA GHEE 
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>So CV CHMe ASE PIC Is F EE DC 
aA CHOE LC EO (PR ME LK MLL 
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Resume 


The plants used in the present studies are the followings. Long-day plants (LP): 
oat, pea, white clover, spinach etc. Short-day plants (SP): soy bean, tobacco, chrys- 
anthemum, morning glory etc. 

The decrease in the total nitrogen content of the new grown-up leaves of SP 
during the night is greater than that of LP. This fact indicates that the transport 
of nitrogen compounds in SP are accelerated in the dark. The elongation of the 
leaves of SP in the dark is greater than that in the light; but in LP its difference 
is non pronounced, or rather in some cases the elongation in the light is greater, 
In SP, however, the elongation of the leaves is accelerated even in the light, when 
the mature leaves are covered with tin-foil. From these facts it seems probable 
that, one of the causes of the accelerated elongation of the leaves of SP is that 
the translocation of nutrient substances from the mature leaves is promoted in the 
dark. 

To observe the effects of @-indoleacetic acid on the elongation of the leaves in 
dark, the basal portion of the cuttings is dipped in the solution of indoleacetic acid. 
The elongation of the leaves of SP is accelerated markedly by the growth substance; 
but in the case of LP there is few effects of it. 

The daily variation of reduced ascorbic acid content in the new grown-up leaves 
is similar both in the case of LP and SP. It increases during the day and decreases 
during the night. The ratio of reduced ascorbic acid content in young growing 
leaves to that in the new grown-up ones is greater in the plants growing vigorously, 
but when SP have been induced photoperiodically the ratio becomes smaller. One 
would think that there would be some relations between the shifting in the ratio 
and the photoperiodic induction in flowering. 
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Hideo Toriyama:** Preliminary note on the potassium movement 
in the motor tissue of Mimosa.* 


BUPE: a DY 7 OMIT RISD VY ROBB (PHO 


1954 42 1H 16 Aaett 

Leaflets, petioles or whole branches of Mimosa pudica appear to wilt by stimula- 
tion. This change in turgor is supposed to have a close relationship to the behavior 
of electrolytes, which seem hitherto not to have been analyzed in detail. The present 
author was able to observe the shift of 
potassium in the motor tissue of primary 
pulvinus at the bending movement as 
described below. ‘The cells or the tissues 
of the under side of pulvinus are chiefly 
dealt with in the present report. ; 

The material fixed with McCallum’s 
cobaltinitrite method*** was employed 
on paraffin sections. Acid fuchsin was 
used for staining. Before receiving a 
stimulus, the crystals of potassium cobal- 
tinitrite appeared in the central vacuole 
(Fig. 1). And after receiving a stimulus, 
these crystals did not appear in the 
central vacuole, but large crystals are 
observed in the intercellular spaces (Fig. 
2). This phenomenon was _ especially 
observed in the zone which includes 
numerous intercellular spaces. This zone 
was called “P».-zone” by the present 
author in a previous paper (1954a). It 
can be supposed that this phenomenon 


Explanation of figures 


shows that potassium solution is issued Fig. 1. Motor cells before beding movement. 
from the motor cells into intercellular Fig. 2. Motor cells after bending movement. 
spaces at the bending movement. The cr, crystals of potassium cobaltinitrite ; 


tv, tannin vacuole. 


recovery of bending movement may be x 540 


brought about by the recovery of turgor ’ 
which is caused by the permeation of the potassium solution into the motor cells. 
Concerning this fact, it is advisable to refer to Imamura’s work on the opening 
mechanism of the stomata of Zebrina pendula etc. (1943). From this experiment it 
can be suggested that the permeability of the cytoplasm against potassium increased 
at the bending movement and its recovery. The detail will be reported in near future. 
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The purpose of this paper is to coordinate and clarify two critical treatments 
of the Myrsinaceae (“Ardisiaceae”) of Japan now in considerable conflict. In the 
conclusion will be tabulated the names which should be used. 

The Revision of the Eastern Asiatic Myrsinaceae published by me in 1940 (29) 
recognized, besides the Chinese species, 19 species occurring in Japan, Korea, the 
Bonin Islands, the Ryukyu (Liu-Kiu) Islands, and Formosa. These were distributed 
as follows: 3 in Maesa, 10 in Ardisia, and 2 each in Embelia, Myrsine, and Rapanea. 
The herbarium material available for that study was too limited to permit inter- 
pretation of all species described from that area or recorded as occurring there. As 
a result 21 Japanese species were discussed among the “ Uncertain Species” at the 
end of each generic treatment. These are distributed as follows: 4 in Maesa, 14 in 
Ardisia, and one each in Embelia, Myrsine, and Rapanea. Great care was taken to 
avoid recognizing species on insufficient evidence. Subsequent studies have now 
revealed the proper status of some of these uncertainties and a few necessary changes 
in others. 

Dr. Takenoshin Nakai’s 1943 treatment of the “Ardisiaceae” in his Nova Flora 
Japonica (18) covers Japan Proper, Korea, the Bonin Islands, the Ryukyu Archipelago, 
and Formosa, and discusses a few non-Japanese species. This is a full systematic 
treatment in Japanese with Latin descriptions of many new taxa, colored illustra- 
tions, line drawings, keys, extensive synonymy, and citations of literature, but very 
few citations of specimens. Professor Nakai had previously studied critically the 
phylogeny of this family (17). 

There are many discrepancies between two works. At least two larger publica- 
tions on Japanese botany have been issued subsequently to our revisions, one by 
Dr. H. Hara (5), the other by Dr. J. Ohwi (19). Both of these seem to have follow- 
ed or drawn from Nakai’s and my treatments, but they are not in full harmony 
in respect to the Myrsinaceae. It is thus appropriate to examine these differences 
critically, to evaluate them, and to present the conclusions for the use of others. 

A species is a population of plants with certain common characteristics. Our 
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concept of this species is derived from a study of one or more available specimens. 
One of these specimens is the type whose function is to fix the proper name for the 
species. In reevaluating a person’s concept of a species one should reexamine the 
specimens on which it is based, with special consideration of the type specimen in 
determining its proper name. The method used in the following analysis is first to 
summarize the conflicting presentations and the bases on which each concept is 
founded. Then each is reevaluated and supplemented by additional information 
when available. Careful consideration is given to the type specimens of the entities 
concerned and to the accepted codes of botanical nomenclature. In this way con- 
flicts in opinions can be resolved. 

For preparing this paper I have used specially made translations of selected 
portions of Nakai’s major paper (18) and his earlier paper on the phylogeny of the 
family (17). I am well aware of the limitations and pitfalls of dealing with trans- 
lations into English from Japanese, but trust that there may be a minimum of errors 
in my judgment resulting from this source. “In 1951 and again in 1953 I examined 
the specimens Nakai had studied and annotated in the herbarium of the University 
of Tokyo and those at the National Science Museum in Tokyo. My field experience 
in 1951 on a botanical mission in Okinawa and the southern Ryukyu Islands (31, 32) 
gave me an invaluable opportunity to observe the living Myrsinaceae of that area. 

I wish to express my indebtedness to the translators who have helped me, 
especially Dr. Tyézabur6 Tanaka, then employed by the Technical Advisory Board, 
Intelligence Service, 8002nd Hydroponic Farming Depot, near Tokyo, Professor J. K. 
Yamagiwa of the University of Michigan, and Mr. Luhrs Stroud, of Washington. 
I am also indebted to the Smithsonian Institution for a special grant for obtaining 
Japanese translations. 

I wish here to express my high esteem of Professor Nakai whose lifetime of 
devotion to Japanese botany has left a heritage of inestimable worth of which the 
Japanese and indeed all botanists may well be proud. It is with many misgivings 
that I set out to analyze his work on the Myrsinaceae, but I do so for the sake of 
those botanists who are confused by these discrepancies and have only limited means 
to interpret them. I mean to cast no aspersions on Nakai’s work. Each of us is 
limited by the extent of his horizon. No two workers have the same horizon and 
no one person can see Clearly all the field with which he must deal. In this fact 
lies the need for cooperation among ‘scientists, each humbly presenting what he 
knows and tolerantly analyzing, correcting, and supplementing the work of others 
wherever needed. Thus eventually the combined horizons will encompass the whole 
field of study and our knowledge will approach completion. 


Myrsinaceae or Ardisiaceae 


The most conspicuous difference in these two treatments appears in the titles. 
Nakai uses the name Ardisiaceae, because that name is actually older (1819) than 
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Myrsinaceae (1836). I used Myrsinaceae because it is a conserved family name. In 
1943 when Nakai published his treatment, the name Myrsinaceae was conserved 
over Ardisiaceae by the adoption! at the International Botanical Congress at Am- 
sterdam in 1935 of the list of Nomina Familiarum Conservanda submitted in the 
synopsis of proposals by T. A. Sprague (25) presented to that Congress, the name 
Mrysinaceae appearing on p.65. The unofficial edition of the International Rules of 
Botanical Nomenclature which were adopted at the Amsterdam Congress (4)2) listed 
Mrysinaceae in the Appendix II, p.32. The name also appears on p.67 in Appendix 
V of the official edition of the International Code of Botanical Nomenclature that 
appeared in 1952 (8) following the Stockholm Congress in 1950. The Editorial Com- 
mittee which prepared this official edition exercised its discretionary powers and its 
judgment and omitted Article 74 in the Rules of 1947 because of the adverse criticism 
at the Stockholm Congress of Chapter IV containing this article, in spite of the fact 
that no formal action was taken rejecting the provisions which it contained. Article 
74 provided for the validity of any list accepted at a congress only until the time of 
the next congress, when it must be formally reaffirmed. If the rejection by the 
Editorial Committee of Article 74 be accepted as legal, then the conserved name 
Myrsinaceae is still in force by virtue of its having been adopted at the Amsterdam 
Congress, in spite of the ambiguous statement at the head of the list, p.66, in the 
official Code (1952) prepared after the Stockholm Congress (8). This action of the 
Editorial Committee, however, has been challenged. Thus at the present time the 
validity of the list of Nomina Familiarum Conservanda seems to be in doubt. 

The earliest name for this group of plants was the Natural Order Myrsineae of 
R. Brown published in 1810 (3, p.532). This name was first published in the now 
accepted family form Myrsinaceae by J. Lindley in 1836 (9, p.224) after the first 
publication of Ardisiaceae by Roemer & Schultes in 1819 (22, 4: xlviii). The term 
Myrsinaceae has been almost universally used since its first appearance. “Ardisi- 
aceae” has been used by fewer writers, almost none after Spach used it in 1840 (24), 
until Nakai revived it in 1922 (15) and used it in several other publications. Nakai 
further discusses the history of these names in the introduction in Japanese to his 
treatment of Ardisiaceae (18) and in his lecture on phylogeny (17). His statements 
are entirely correct. He failed, however, to follow the accepted list of Nomina 
Familiarum Conservanda which was clearly in force at the time he wrote. There- 
fore, if the rules be followed, the name Myrsinaceae should have been used instead 


of “Ardisiaceae ”. 
Classification Systems Compared 


The system of classification prepared by Nakai differs from those presented by 
Mez (12) and by Walker (29). These systems are as follows, Nakai’s given in full, 


1) See Proc. Sixth Internat. Bot. Congr. 1: 358 (1936) 
2) No official edition was ever published. 
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the others abbreviated to include only the species of the same territory which was 
covered by Nakai: 


Nakai :—Ardisiaceae 


Subfam. I. Maesoideae (Pax) Nakai, n. comb. 
A. Trib. Maeseae (A. DC.) Nakai, n. comb. 
Gen. Maesa Forsk. 
Sect. [1] Doraena (Thunb.) Nakai, n. sect. 
Sect. [2] Dartus (Lour.) Nakai, n. sect. 
Subfam. II. Embelioideae Nakai, n. subfam. 
A. Tribe 1. Calispermeae Nakai, n. tribe 
Gen. (1) Calispermum Lour. 

B. Tribe 2. Embelieae (A. DC.) Nakai, n. comb. 
vy Gen. (1) Embelia Burm. f. (not known in Japan) 
uy Gen. (2) Samara L. 
[Subfam. III] Ardisioideae?) 
i C. Tribe 3. Ardisieae Bartl. 
. Gen. Bladhia Thunb. 
} Sect. [1] Eubladhia Nakai 
vif Sect. [2] Chinensis Nakai 
ae, Sect. [3] Crispardisia (Mez) Nakai 
7 Sect. [4] Tinus (Mez) Nakai 
[Subfam. IV] Myrsinoideae? 

D. Tribe 4. Myrsineae (A. DC.) Nakai 
Gen. (1) Myrsine L. 
E. Tribe 5. Rapaneae Nakai 

Gen. (1) Anamtia Koidz. 

Gen. (2) Manglilla Juss. 

Gen. (3) Athruphyllum Lour. 
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Mez :—Myrsinaceae 
Subfam. I. Maesoideae Pax 
Gen. Maesa Forsk. 
Subgen. Eumaesa Mez 
Subfam. II. Myrsinoideae Pax 


Tribe 1. Ardisieae A. DC. Tribe 2. Myrsineae Pax 
Gen. Ardisia Swartz Gen. (1) Embelia Burm. f. 
Subgen. [7] Akosmos Mez Subgen. [4] Heterembelia A. DC. 
Subgen. [13] Crispardisia Mez Subgen. [6] Micrembelia Mez 
Subgen. [14] Bladhia (Thunb.) Mez Gen. (2) Myrsine L. 


Gen. (3) Rapanea Aubl. 


Walker :—Myrsinaceae 


Gen. (1) Maesa Forsk. Gen. (3) Embelia Burm. f. 

Gen. (2) Ardisia Swartz Sect. [3] Heterembelia A. DC. 
Sect. [3] Akosmos Mez Sect. [4] Micrembelia Mez 
Sect. [4] Crispardisia Mez Gen. (4) Myrsine L. 

Sect. [5] Bladhia (Thunb.) Mez Gen. (5) Rapanea Aubl. 


Nomenclature of Nakai’s Supra-generic Taxa 


There are 13 new supra-generic names or combinations in Nakai’s outline, 5 in 


3) These are provided for in the key only (see p.3), and are designated in Japanese as Hif}. 


a i ee 
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Mez’, and none in Walker’s. In his introduction and in his earlier discussion of phy- 
logeny Nakai points out that the “Ardisiaceae ” originally belonged to the tropics, 
first developing in this area in Formosa and passing northward through the Rytkyt 
Islands to Kytsht, Shikoku, and Honshi. Their northernmost station is on the 
island of Okusiri in the Oshima district of the Island of Hokkaido. With each 
advance northward the number of variants became less. Thus the Japanese mem- 
bers of this family constitute only a small portion of the whole. Consideration of 
suprageneric taxa inherently requires study of a taxonomically and geographically 
wide range of species. It seems to me, therefore, that the making and readjusting 
of these larger taxa in a work of such limited geographic scope is unwise and can 
only lead to confusion. They will undoubtedly need further readjusting when the 
family is restudied as a whole. Because of the geographic limitations of my revi- 
sion of 1940 I postponed all critical consideration of taxa above the genera until I 
should have studied a much larger proportion of the members of this pantropic 
family than is represented by the eastern Asiatic species. 


Subfamilies 


Nakai recognizes four subfamilies, but only the first two are presented in the 
text, the other two appearing only in the key, p.3. 

The first is subfamily Maesoideae (Pax) Nakai designated as “comb, nov.” on 
p. 3, because it is the first use of this name under Ardisiaceae rather than Myrsin- 
aceae. There is no provision in the International Code of Botanical Nomenclature 


€ 


governing this new association of names, but generally the designation “comb. nov.” 
is used only for a new combination of words which together constitute the name of 
a taxon. Thus it could not be used for taxa above a species. Numerous changes 
of genera from tribe to tribe or family to family have been made in the course of 
taxonomic history without designating them as ‘‘new combinations” or even as 
“new associations”, which would be a better expression, if such were needed. How- 
ever, since Ardisiaceae is a rejected name, and the designation, Subfamily Maesoideae 
Pax, has already been used, Nakai’s “combination” has no standing anyway. 

The second subfamily is “Subfam. Embelioideae Nakai, subfam. nov.” of p.15. 
If one follows through the text, it appears that this includes all the rest of the 
genera treated by Nakai. However, the key, p.3, shows that it includes only the 
tribes Calispermeae and Embelieae, with the genera Calispermum, Embelia and Sa- 
mara. The third and fourth subfamilies are Ardisioideae and Myrsinoideae, but 
these names appear only in the key, p.3, and are designated by the Japanese name 
ifs}, a-ka, only. So far as I have found Ardisioideae has not been used _ before. 
Since it appears in this informal manner without description or definition the name 
has no standing. 

Subfamily Myrsinoideae Pax appears in the first edition of Engler and Prantl, 
Pflanzenfamilien and in Mez’ revision (12, pp. 12,54) and is therefore properly estab- 
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lished. Nakai, however, alters Pax’s concept by taking out the Embelioideae and 
“Ardisioideae”, leaving only tribe Myrsineae, with the genus Myrsine, and tribe 
Rapaneae, with the genera Anamtia, Manglilla and Athruphyllum, and presumably 
Rapanea. It is not at all clear how Nakai would delimit these subfamilies, because 


in this work he is dealing with only a small part of the whole family. 


Tribes 


Tribus Maeseae A. DC. appears in DeCandolle’s Prodromus (1834), with an earlier 
reference. Nakai’s designation as “Trib. Maeseae (Alph. deCandolle) Nakai” on 
p. 3, with reference to its previous publication in his earlier work of 1941 (17, p.522) 
seems quite unnecessary, especially as in that paper only the Japanese equivalent 
tk, zoku, for the term “tribe” was used. This tribe should therefore be attributed 
to DeCandolle only. Possibly the double authority was used for the same reason as 
the double authority was used with the subfamily Maesoideae (Pax) Nakai, but, if 
so, it cannot be sustained because “Ardisiaceae” is a rejected name. 

“Trib. Embelieae (Alph. de Candolle) Nakai”, p.4, is Nakai’s second “ comb. 
nov.” among the names of suprageneric rank. This case is exactly parallel to that 
of ‘ Subfam. Maesoideae (Pax) Nakai”. Hence, the name of this taxon must be 


oe 


tribe Embelieae A. DC. Nakai’s additional designation of this comb. nov. as “sensu 
div.” is not clear. This expression is not provided for in the International Code and 
is at least not in common use. Perhaps he refers to his segregation of the genus 
Calispermum Lour. in the new tribe Calispermeae Nakai. He has greatly altered the 
concept of Embelia Burm. f. which was held by Mez and followed by Walker, divid- 
ing it into three parts each given generic rank, namely Calispermum Lour. (type 
species C. scandens Lour.), Embelia Burm. f. (type species E. vibes Burm. f.), and 
Samara L. (type species S. laeta L.). Samara L. is the only Japanese representative 
of “Trib: Embelieae (Alph. de Candolle) Nakai”, because Embelia, as used by Nakai, 
is not represented in this territory. These are keyed on p.3 as follows (translation 
by Stroud, verified by Hara): 

Climbing woody plants; flowers forming axillary recemous or terminal paniculate 
inflorescences ; corolla deeply lobed almost to base, or petals distinct ; albumen 
ruminate or sMOOth 2. cece ee eeees es... Subfamily Embelioideae 
Petals dextrorsely pe aroha Havers 5-merous; albumen ruminated ..__. 

Mae Bk .. Tribe Calispermeae, genus Calispermum 
Petals ariurieaies ais 4- or 5-merous; albumen smooth iO es 
nie, Caged Se _ Tribe Ser, ganus Sas 

Roright Shen or tall tree or MUSE ce a MA Ew a | shrub 


i. Subfamily Arawiciaent 
In the ele on p. 15-16 onane a one are differentiated as follows (transl- 
ation by Stroud): 


Inflorescence terminal, conical ; flowers 5-merous, petals alternately imbricated 
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ct) eS yee Se _ Embelia Canknown in Japan) 
Inflorescence axillary, racemous; flowers 4-merous; petals alternately inside- 


Outside Samara 


It is difficult to understand how two tribes can be established on the basis of 
these characters which are usually considered sufficiently homogeneous to be included 
in one genus. The imbrication of petals, the difference between 4-merous and 5- 
merous flowers, and the ruminate or smooth character of the endosperm are at least 
difficult characters to use practically in identification of specimens, and seem to me 
to be too superficial to be used to charactersze tribes. Nakai’s treatment seems to 
ignore the numerous species of this alliance which do not occur in Japan, except 
Embelia Burm. f., with the type species E. scandens. In my scheme the “sections 
Heterembelia and Micrembelia contain Japanese species, namely E. rudis Hand.-Mazz. 
with LE. lenticellata Hayata and E. laeta (L.) Mez, respectively. It is very likely 
that a very different arrangement of tribes would have been presented by Nakai if 
all species of Embelia as interpreted by Mez and by Walker had been included. 

“Trib. Myrsineae (Alph. de Candolle) Nakai in Bot. Mag. Tokyo LV 522 (1941) ” 
appears on p.124. However, in 1902 Mez, (12, p. 159), established “ Trib. II Myrsineae 
Pax in Engl. & Prantl. Pflzfam. IV. 1. (1889) 87 (reform.)”’, thus altering Pax’s con- 
cept, but without putting his own name as second authority. There is no designated 
basis for Pax’s name, so it may be considered as the name of a new tribe. It had 
formerly been used only as the name of a natural order. Pax, however, did not 
use the word “trib.”. Hence, the name of the tribe containing Myrsine as used by 
Nakai may be given as Tribus Myrsineae Pax in Mez, in Engl. Pflanzenr. 9 (IV. 
236) : 159. 1902. Nakai’s citation of Bot. Mag. Tokyo 55: 522. 1941 is not acceptable, 
since in that reference the basis of the name is not given and it is preceded by 
Mez’ use of the name for a tribe in 1902. His referring to de Candolle as the basis 
of the name seems hardly acceptable since de Candolle used the name for a Natural 
Order, equivalent now to a Family. 

“Trib. Rapaneae Nakai” is validly published on p.130 of Nakai’s treatment of 
Ardisiaceae, although the name was first used, but without description or designation 
as a tribe, in his earlier paper (17, p.522). It comprises the genera Rapanea Aubl., 
Athruphyllum Lour., Anamtia Koidz. and Manglilla Juss. Rapanea is considered as 
occurring only in the New World. The taxonomy of this tribe will be discussed 


later (see p. oy 


4) It is unfortunate that these were inadvertently called Sections rather than Subgenera as in 


Mez’ work. 


The Vernalization and the Cotyledon of the Seedling 


By Hitoshi Kojima, Masaki YAHIRO and Shojiro INOUE* 
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Introduction 


It is a matter of consequence in the study of the plant which can be vernalized 
to ascertain exactly what part of it feels the effect of low temperature. Gregory 
and Purvis (5), Konovalov (7) and Bassarskaja and Grossman (1) reported that the 
embryo itself was indispensable for the induction. Afterwards, carrying out re- 
searches on Petkus winter rye, Purvis and Gregory (9) and Purvis (8) stated that 
the locality open to the low temperature induction was the embryo, and the endo- 
sperm had nothing to do with the problem; and concluded that the living embryo 
was able to synthesize hormones from a simple substratum containing glucose and 
inorganic salts, rejecting the opinions of Cholodny (2) and Whyte (10) as incorrect. 

Gregory and De Ropp (4) and Yamasaki (11,12) stated that the embryo isolated 
from the endosperm was not affected by low temperature without supply of sugar, 
and advocated the necessity of carbohydrates for vernalization. De Ropp (3) more- 


over pointed out the possibility of translocation of some substances from the endo- 


sperm and the aleuron layer to the embryo during the period of preliminary soaking 
of the seed in water. The present authors, being interested in the question whether 
the location perceptive of low temperature induction in the Japanese radish, race 
“minowase ”, was the plumule or the cotyledon, made a study on the problem and 
found among other things that their material had several points differing from the 
facts known in the embryo of the graminous seeds. 


Material and Methods 


The material used was “ Minowase-Daikon ”, a race of Japanese radish (Raphanus 
sativus L. var. raphanistroides Makino), which is easily vernalized in a pelsaels 
short period of treatment with low temperature. 

After being soaked in water of room temperature for 18 hours, the seeds were 
placed in an incubator of 30°C. for 18 hours and they germinated, the radicles be- 
coming 2-3mm long. Seedlings of this stage were chosen and put on quarz sands 
or filter-paper spread in a Petri-dish containing an adequate amount of water, and 
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were kept in a refrigerator of about 5°C. for a certain period of time. In some 
cases one or both of the cotyledons were removed from the seedling previous to this 
cold treatment, and sometimes the removal of cotyledon was carried out after the 
treatment and before setting out the seedlings. 


Results 


A. Comparison in the rate of bolting? between intact seedlings and seedlings 
from which cotyledons were removed previous to the low temperature treatment. 

Exp. 1: The seeds which were soaked and already germinated were divided into 
three groups: (1) with both cotyledons cut off, (2) with on removed and the other 
left, (3) with both left intact. All the materials of these three groups were kept 
in a refrigerator of 542°C. for different periods of time, and after that they were 
planted in flower pots. Table 1 indicates the summary of this experiment. In the 
materials in a, c and e rows of this table, the remaining cotyledons were taken 
away from the seedlings at the time of transplantation to soil, so that during the 
subsequent growth period all materials were in an equal condition so far as the 
absence of cotyledon was concerned; and in the cases of b and d rows, one of the 
two intact cotyledons was cut off and the other was left. 

Comparison between the plants arisen from those seedlings which retained coty- 
ledons during low temperature exposure and those come of the seedlings which were 
without cotyledon during the same treatment shows that there is an evident difference 
between them in the time of bolting as well as in the bolting percentage. Moreover 
in the cases of a and c rows, such difference is noticeable between seeds with one 
cotyledon and those with two. But in the cases of b, d and e rows, difference in the 
numbér of cotyledons, single or double, does not accompany any remarkable difference 
in bolting; or it sometimes produces a result contrary to what may be expected, 
seedlings with single cotyledons taking less time in bolting. Generally speaking, 
however, germinating seeds treated with low temperature under a cotyledonless con- 
dition are delayed in bolting compared with those with intact cotyledons treated 
alike. 

In these experiments, the seedlings treated under a cotyledonless condition did 
not bolt even 37 days after the plantation. From this fact it seems that the cotyledon 
plays an important role in the Jow temperature exposure. But in view of Exp. 2 
cited below, it cannot be said that the cotyledon is absolutely necessary in this 
treatment. Exp. 1 was carried out in summer-time, the seedlings were planted on 
20th of July; and as they grew up very poorly, they could not be seen to enter the 
bolting, which had to be observed merely with the naked eye. 

Many similar experiments were conducted, one of which is cited here :— 


1) The shooting of the flower stalk from the rosette. 
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Exp. 2: The facts of this experiment, which is, generally speaking, nearly the 
same as Exp. 1, are show in Table 2. Here also the existence of the cotyledon dur- 
ing the low temperature treatment was favorable for bolting, though even the 
cotyledonless seedling also bolted. 

B. Comparison in the rate of bolting between intact seedlings and seedlings from 
which cotyledons were removed at the time of planting. 

All the materials were kept in low temperature, with their cotyledons intact; 
and then one or both cotyledons were removed at the time of planting to soil. 
Several similar experiments were made, three of which are cited here :— 

Exp. 3: The results of this experiment are summarized in Table 3, A. The 
material was treated with low temperature for 10 days; then, after one or both of 
the cotyledons were removed from some of it, all was planted in a green house. 
The material with a single cotyledon showed the best bolting percentage, that with- 
out cotyledon came second, and that with both cotyledons was the worst. 


Exp. 4: As seen in Table 3, B, the material with both cotyledons intact showed 
the best bolting percentage. 


Exp. 5: The results are set forth in Table 3, C. The ranking of materials in 
the order of bolting percentage is: 1, those with both cotyledons; 2, those with single 
cotyledon; 3, those without cotyledon. 

Similarly conditioned material differed in the ranking of the bolting percentage 
between Exp. 3 and Exp. 4 and 5. Generally speaking, the vegetative growth of the 
seedling without cotyledon is delayed exceedingly, therefore it is reasonable that, as 
in Exp. 4 and 5, such material is lower in the bolting percentage than the other 
material with one or two cotyledons. Neverthless, in Exp. 3, where the materials 
were grown in pots in a green house, there was no remarkable difference in growth 
between the plants with cotyledons and those without. It was perhaps for this reason 


that the plants with cotyledons had little advantage in the bolting percentage over 
those without cotyledon: 


C. Comparative study of the bolting percentages of the three groups, namely, 
materials with two cotyledons and with one and with no cotyledon, during various 
periods of the low temperature treatment. 

Exp. 6: As seen in Table 4, the existence of the cotyledon seemingly promoted 
the bolting. There was small difference in the state of growth for a while after the 
plantation among groups in the same condition as to the cotyledon but varied in 
duration of cold treatment. But from the comparison of the three groups formed 
according to the number of cotyledons and subjected to cold exposure of the same 
duration (namely, one having two cotyledons, another having one, and a third none, 
treated with the same duration of cold exposure) it was found that the cotyledonless 
group was much retarded in growth than the other two groups. 

Sometimes the grade of vernalization was represented by the number of nodes 
up to that from which the first flower Sprouts, or by the number of leaves up to 
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the first bracteal leaf. A small number means advancement of vernalization. In 


the present experiment the number of the leaves up to the first bracteal leaf (which 
appears at that node from which the first flower springs) was rather smaller in the 
plants grown from the cotyledonless seedlings than in those grown from seedlings 
with cotyledon, whereas there existed no remarkable difference between the materials 
with one cotyledon and those with two. 

The material treated with low temperature 4 days or less than 4 days did not 
bolt by August 12 of the same year. A treatment of 27 days was the most effective 
for bolting, while that of 30 days was somewhat less effective. Plants treated for 
shorter periods of time, namely 7 days, 10 days and 12 days, had a larger number 
of leaves up to the first flower-bearing node. With reference to this fact it is to be 
noted that there existed a break in the scale of the bolting percentages between the 
plants treated for more than 14 days and those for less than 12 days—in most cases 
the materials treated for less then 12 days showing a lower bolting percentage. 


D. Effect of glucose given as a supplier of nutriment to take the place of 
removed cotyledons. 


Exp. 7: Both cotyledons were removed prior to the cold treatment; then a 2% 
or a 70% glucose solution was applied to the cut surfaces left after the removal, 
or the hypocotyl of the material was soaked in a 2% glucose solution. Materials 
thus prepared were placed in a low temperature for 14 days. The solution was 
applied twice during cold treatment. The results are summarised in Table 5. 

Judging both from the bolting percentage in this table and from the state of 
growth respectively at 13, 22 and 26 days after the plantation, it was seen that the 
material with no sugar applied to it as well as that supplied with a 2% sugar solu- 
tion grew poorly and showed a small bolting percentage. On the other hand, the 
materials to which a 70% sugar solution was applied and those which were soaked 
in a 2% sugar solution developed well and showed a large bolting percentage. Of 
course, the control plants, which had both cotyledons intact, indicated much larger 
bolting percentages. From these facts it was assumed that the cotyledon was useful 
for vernalization as a provider of nutrition, though it might also be possible that 
they played other important roles too. 

Exp. 8: In order to prevent the transportation of substances from the cotyledon 
to the hypocotyl during the period of soaking, both cotyledons were carefully cut 
off from the seeds of one set under a dry condition previous to soaking ; on the other 
hand, both cotyledons were removed from the seeds of another set after the lapse 
of a period of soaking. Two portions of the material, each taken from one of the 
sets, were placed on a blotting paper soaked with a 5% glucose solution, and as 
controls similar portions of the material were put ona blotting paper merely con- 
taining water. They were subjected to low temperature for 15 days, and the results 
are given in Table 6. 

The plants of the two portions fed on sugar were high in the bolting percentage. 
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But it was a noteworthy fact that the seedlings without cotyledon could be ver- 
nalized without supplying sugar, though the sugar supply led to better bolting. 

E. Experiments on the influence of the cotyledon upon the growth of plumules. 

Exp. 9: A group of material from which both cotyledons were removed and 
another group with cotyledons intact were kept at a temperature of 542°C. for 16 
days. From these materials serial paraffin sections were made and observed under 
the microscope. The number of leaf-primordia of a plumule of the cotyledonless 
material was 3.6 (the mean of 12 individuals) and that of the material with coty- 
ledons was 5.6 (the mean of 10 individuals). The difference in the figures indicates 
the advantage of the existence of cotyledons in growth during the cold treatment. 
Though it could not be said that this advantage directly favours vernalization, it 
will presumably continue through the period of growth after the planting in the 
garden. 


Discussion 


From the results obtained in Exp. 1 and Exp. 2, it was seen that the existence 
of the cotyledon during the low temperature treatment was favorable for bolting 
and that generally speaking the lack of the cotyledon delayed bolting. But the ex- 
periments cited in b and d rows of Table 1 gave us the fact that plants with one 
cotyledon had rather a higher bolting percentage than those with two cotyledons. 
In general there was no remarkable difference in the rate of growth between the 
material with two cotyledons and that with one. It might possibly occur therefore 
that in the bolting percentage the material with one cotyledon is sometimes the 
Same as, and sometimes even higher than, the material with two cotyledons. The 
fact that none of the seedlings which were treated with low temperature under the 
condition of no cotyledon, bolted within 37 days after planting, appears to indicate 
the indispensability of the cotyledon in vernalization. But this failure in bolting 
may be explained in the following way. As this experiment was carried out at 
summer-time, the material, as a whole, did not grow well, and the individuum with- 
out cotyledon was far more unfavorably conditioned for vegetative growth than that 
with cotyledons; and it was perhaps for this reason that bolting was not observed 
in the former. Furthermore, the growing point of the seedling, which had no coty- 
ledon to protect it, was heated with the strong rays of the sun (these seedlings 
were planted on July 20), and so the “devernalization” of Gregory and Purvis (6) 
may have affected these seedlings. 

From the fact obtained from Exp. 2 (Table 2), namely, that the bolting per- 
centage, within 32 days after planting, of the material which was treated with low 
temperature under the condition of no cotyledon, was 100, one can assume that the 
cotyledon is not the part which felt the effect of the cold treatment, and so it is not 
strictly necessary to vernalization. Moreover Exp. 8 also proved that the region 


susceptible to the low temperature effect was seemingly some parts of the seedling 


all 
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other than the cotyledon, especially the plumule. On the other hand, with the 
plant which arose from the germinating seed previously vernalized, the existence of 
the cotyledon during the period of growth after the plantation was more favorable 
to bolting than its absence (as seen in Table 3, B and C). But the results were 
somewhat different in Table 3, A—in this experiment the plants were kept in a 
green house and they grew nearly uniformly for some time. Perhaps this uniformity 
accounted for the result of bolting, which was exceptional. In these cases, the effect 
of low temperature treatment was measured by the bolting. The bolting was ex- 
amined, after all, morphologically by the naked eye, so that, no matter how skilfully 
observed, the scope of bolting revealed only the last phase of the floral initiation. 


Even if two plants pass the same point in the course of floral initiation at the same 


time, the development of their flower-primordia is influenced largely by the sub- 


sequent environmental factors, so that at the time of bolting a great difference may 
be noticed between the two. The disagreement in the scale of bolting percentage 
among the materials with one, with two and with no cotyledon may be the result 
of the environments, favorable or otherwise, in the growth period of the plants. Yet, 
generally speaking, it may be acknowledged that the existence of the cotyledon 
during the cold treatment as well as in the course of development after the planta- 
tion is of advantage in inducing bolting. 

As seen in Table 4, even if the duration of the cold treatment was varied, the 
persistence of the cotyledon after the planting always tended to give higher bolting 
percentages. 

Table 4 also shows that the longer the length of the period of cold exposure the 
better was the result of bolting; but a 27-day period gave the maximum value, and 
a 30-day period a somewhat lower. Since no treatments of more than 30 days were 
tried, it cannot be asserted positively, but presumably a 27-day period was the 
maximum length for the low temperature treatment in this experiment. 

Cotyledonless seedlings with a 70% glucose solution applied to the cut surface 
of the petiole of the cotyledon and those soaked in a 2% glucose solution were 
somewhat higher in the bolting percentage than those with a 2% glucose solution 
applied to the cut surface—a 2% glucose solution was seemingly too weak to supply 
sufficient nutriment by merely applying to the cut surface—or soaked in plain water 
(Table 5). From this fact it may be said that glucose brought some good effect to 
bolting, and that the role of the cotyledon in the vernalization of the seedling was 
seemingly the supplying of nutrition. The fact is also indicated in Table 6, where 
the dry seed, from which the cotyledons were removed beforehand, was soaked in 
a 5% glucose solution and subjected to low temperature. In this experiment glucose 
was beneficial to bolting in some degree but not very much. It must be noticed 
that differing from the results obtained by Yamasaki (11, 12) and Gregory and De 
Ropp (4) on the exised embryo of the cereal grain, the radish seeds from which 
cotyledons (where the cotyledon may be considered to be analogous to the endosperm 
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Table 1 Seedlings with or without cotyledon during the low temperature treatment.) 2) 


Preliminary Number of days of low | Treatment at the Number of days from Bolting percentage 37 
Series treatment ‘temperature treatment | time of plantation | planting to the first bolting | days after plantation 
Ff ess | Baa © 0 
a x @ 15 - x 37 20 
eo ® x x 34 90 
x . = @ 21 100 
b 15 
oe 6 x @ | 24 100 
x x - ~ oo 0) 
@ x ® 13 - x 37 20 
o @ x x 30 70 
d ra 1B =e 27 75 
oe © * @ 30 85 
x x - = : o 0 
e x 9 10 - x 37 10 
e ®e@ x x 34 10 


1) Planted on July 20, 1950. 2) Number of individuals of each lot was 30. 
5 3) In the tables the handling of the cotyledon is indicated as follows: 


) 3 x =one cotyledon cut off; x x =two cut off; @=one left intact; @@=both left intact; —=one cut off in 
preliminary treatment ; ——=two cut off in preliminary treatment. 
’ 
; Table 2. Seedlings with or without cotyledon during the low temperature treatment 
as well aS during the subsequent growing period.) 2 
a Bolting percentage 
J Praline Number of days Treatment at Number of 
eta of low temperature | the tirme of | individuals at the Days after planting 
MEALTBEH treatment plantation time of plantation 20 99 °7 30 32 
= 6 @ o @ 19 21. 47 «100 «100 100 
f 
4 ® @ 16 x DP) 20 0 10 100 100 ©6100 
bs x @ = & 21 0 5S» | 100'" 160) 100) 
i ® ® x x 14 ny 0 50’ 100 100 
‘ x @ 16 = x 18 0 0 0 50-100 
x x = = 20 0 0 0 80 100 
a 
~ 
£ 6 @ ar) 10 Ole Om OM eC: 
@ @ 0 x @ 10 1) 0 0 0 1) 
@ ® * x abl 0 0 0 0 0 


1) Planted on April 4, 1951. 


. 


Table 3. Bolting percentage in seedlings, with or without cotyledon, during the growth period. 


' a a 

; Prelimi Number of days of| Treatment at | Number of 
Be wee! low temperature the time of individuals Bolting percentage 
cea treatment | planting planted 

iS a : SS 
; ; i) @ Cs) @ 10 0(22)P 10(24) 20(28) 20°30) 80(32)  90(34) 
A : ‘ 

% Planted on March = ® 0 a Ss | 2 56(") 787) 78C 1) 100C") 100") 100¢  ) 

Y 22,1951 ina green eo @® aS 2 7 4307) 570) STC) 71C 4). S7LC W100") 
‘4 house <= ife = | 
, e @ 0 10 0c”) 0c”) oC") — OCI) ocr) 0c") 

B 6 ) 18 76 20(23) 50(26) 100(29) 100(33) 100(37) 

Planted on April & 6 66 on) OC7),  OCw) 3907) 78C 7) 

: 3, 1951 in a garden |—— = 

® e 0 50 OC”7) OCH) oC) oc”) 0¢ vy) 
f. C) e ll 100(21) 100(24) 
Bt GC 6 22 8 75(") 100Cm) 

Planted on April 

28,1951 in a garden v be LOO 
e® ®e@ ) 10 oC”) = ocr) 


1) Number of days from the plantation to the observation of bolting percentage is given in the parentheses. 
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Table 4. Bolting percentage of seedlings which were treated with low temperature for periods 


7) 
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of various lengths and grown subsequently with or without cotyledon.) 


Treatment at 


Number of 


Bolting percentage 


Number of 


1) Planted on June 30, 1951 in a garden. 


2) The seedlings were treated under the condition 


having cotyledons. 3) One of individuals was omitted from count because of damage by 
insects or diseases. 


Table 5. Bolting percentage of the seedlings supplied or not supplied with glucose 
during the low temperature treatment.l) 


days of low s 
the time of | individuals : i leaves up to the 
temperature Fi Days after planting 
L ~planti: : first floral 
trestment)| ng planted "is" ie 17, 19) aos) 26" 27 133 initiation 
eS @ 19 63 100 100 100 100 100 10Q 100 100 
30 x 8 20 55 85 95 100 100 100 100 100 100 
x x 17 O12 a2) ak 77 GaP Bey SER 
e® @ 14 [ 86 100 100 100 100 100 100 100 100 
27 x © 15 73 100 100 100 100 100 100 100 100 
x x ll "0 18 18 63 91 100 100 100 100 
4. : 
e e 15 67 100 100 100 100 100 100 100 100 
21 < @ 4 50 93 93 100 100 100 100 100 100 
x x 19 0 11 he 47 90 95 95 100 100 
e @ 14 57 100 100 100 100 100 100 100 100 
19 x7 @ 17 41 100 100 100 100 100 100 100 100 
x x 14 0 14 28 64 83 100 100 100 100 
e@ e 10 30 70 70 100 100 100 100 100 100 
4 x @ 10 20 70 100 100 100. 100 100 100° 100 
x x at OP GS FO) 6 27 4Gs abn e738) 73 ee 
e @ 19 0 5 32 47 6 68 68 68 89 
12 x © 18 5 17 17 22 533) 65 65 813) 81 
x x 12 Os CO msOy celZ) e931 933k 3354250) 
e@ 6 23 0 13 22 48 65 74 91 96 96 
10 x © 2 OR a7 261) Ale G3) otGs) 74/8 100 
x | 29 OO Ol (77a aio) 24 4B; #62" “76 
———_—_____, 
oe @¢€ 13 0 oO 23 39 69 69 69 823.92 92 
7 x 6 15 0 oO 13 20 53 60 80 87 100 100 
x 21 0 0 O 14 19 24 29 29 703 70 
| ° 13 O00 Noo sof 080-0 
4 x ®@ 13 O20 W000 08) (OW 60 
x x 16 O10, ‘Oh -Ofa0' SOF Toy SOW 0 
e © 8 Oy Odeo OR sOls “Ob =sOlra/0L 10 
3 x ©@ 15 OF O10 JO. Dig sO) oOle 307 O 
x x 29 Ge Oh <0). 10), ig Ole On OL 0 
@ 6 12 Df Oe 0) BO) 0. 105 20M) 10% 20 
0 x © 11 Om) 1.0 Ot OW ON nO) “Ole 1.0 
x x O50. 50> (0) “027 0% 10. S040 


H (control) 


Number of Bolting percentage 
During low temperature individuals = 
Material treatment2) at the time Days after planting 
| of planting] 13 17 18 22 26 28 31 
2% glucose solution was applied 
twice to the cyt surfaces iL e 9 OSIS 1S eB 20 
Cotyledonless 0 
germinating 'seeds 70% do 21 0: B08 bs. 29% 39! © 44.167; 
Soaked in 2% glucose solution 18 0 OO AE.-28... 72. 3 79"" 93 
Soaked in water 18 0 £0) "6" 6% "25: A242 
Germinating seeds 
with cotyledons Soaked in water 20 90 100 100 100 100 100 100 


1) Planted on July 25, 1951. 2) Duration of treatment was 14 days. 


Table 6. Bolting percentage of the plant grown from the dry seed from 
; which cotyledons were cut off.) 


Material 


Cotyledons were 
removed from the dry 
seed before soaking 


During low 
temperature 
treatment?) 


32 


Days after planting 
37 


Boiting percentage 


45 


Supplied with . 
5% glucose solution 


Supplied with water 


Cotyledons were 
removed from 


Supplied with 
+ 5% glucose solution 


germinated seed after Supplied with water 


soaking 


100 =100 
70 86100 
100 = 100 
50 =—-:100 


1) Planted on April 7, 1951. 2) Duration of treatment was 15 days, 
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of the grain as a nutriment supplier) were removed could be vernalized without 
supply of sugar. This shows that the external application of glucose was not strictly 
necessary in vernalizing the cotyledonless seed, and that the hypocotyl or plumule of 
the cotyledonless seed-had already reserved glucose or other indispensable substances 
enough to react upon the low temperature treatment. 

Exp. 9 showed that the number of leaf-primordia in the plumule possessing 
cotyledons was larger than it was ina cotyledonless condition. Approximately with- 
in this limit a large number of leaf-primordia may be favorable for the subsequent 


development of the plant and perhaps also for flower initiation. 


Résumé 


About the éxperiments on the effects of low temperature treatment with Japanese 
radish, race “ minowase”, as the material, the following may be said :— 

1. The existence of cotyledons during the low temperature exposure was favor- 
able for bolting and the order of the bolting percentage was, decreasingly, seeds with 
two cotyledons>those with one cotyledon>those without cotyledon; which, however, 
was sometimes varied under. certain conditions controlling the vegetative develop- 
ment after the plantation of the plant. 

2. The presence of cotyledons during the growing period of the plant also 
brought about a rise in the bolting percentage. Generally speaking, the order was: 
materials with two cotyledons—with one—without. But also in this case disorder 
was sometimes seen under the influence of certain environmental conditions during 
the growth period of the plant. 

3. The portion susceptible to the effect of low temperature treatment was seem- 
ingly the plumule itself, and not the cotyledon. 

4. The cotyledon was supposed to play the role of a nutrition supplier in the 
course of vernalization. 

5. The soaking of the hypocotyl, from which cotyledons were removed, in a 2% 
or 5% glucose solution during the period of low temperature treatment or the ap- 
plication of a 70% glucose solution to the cut surface of the hypocotyl left by the remov- 


_ ed cotyledon, once prior to and again in the middle of the low temperature treatment 


gave a somewhat good percentage of bolting. Yet it does not follow that the ex- 
ternal supply of glucose is absolutely necessary for vernalization of cotyledonless 
seedlings. 

6. A remarkable gap in the effect in relation to the duration of cold exposure, 
which causes bolting and flowering, was found between 14 days and 12 days. The 
same difference was also seen in the number of leaves up to the node of the primary 
flower stalk (primary pedicel). . 

7. The material used in these experiments was vernalized with a 7-day period 


of low temperature treatment at the shortest, and with the prolongation of the period 


increased in the intensity of vernalization. But in this parallelism there seemed to 


nil 
ie 
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ep ¢ a 


= 


May—June 1954, Bot. Mag. Tokyo, Vol. 67, No. 791—792 121 


exist a limit, and the maximum, so far as observed, was the 27-dey period. 


8. As to the number of leaf-primordia of the plumule of the seedling treated 


with low temperature, the material having cotyledons had more of them than the 
cotyledonless one. 


The writers are indebted to Ass. Prof. Y. Tajima of the Faculty of Agriculture, 
Kagoshima University, for his valuable suggestions in several courses of this study. 
The present work was supported in part by a grant out of the Fund for Scientific 
Research of the Ministry of Education. 
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Descriptive and Experimental Cytology in Allium I 


Chromosome Breakage in the Seedling of Allium 


By Yukio KATo* 


mMiRSeHE: FARAH ds REKH 
Received May 8, 1954 


Chromosome breakage in the seedling stage has been described in Allium cepa 
by Nichols (1941, 1942) and Berger and Witkus (1946), in Vicia faba by Levan and 
Lotfy (1950) and in Allium fistulosum by the author (1950). As one of the factors 
inducing chromosome fragmentations, it is now supposed that the partially anerobic 
condition in some developmental stages may involve a change of the metabolism, 
e.g. abnormally high concentration of some metabolites, which finally may lead to 
the chromosome breakage. Such an interpretation is stressed by the fact that 
structural changes are induced by water extract from plant tissues or seeds (cf. 
Marquardt 1947). 

In the present paper, (1) localized chromosome breakages in the root meristem 
of Allium seedlings, (2) mitotic aberreations accompanying the development of the 
seedling and (3) effects of water extracts from seeds on mitosis will be given. 


Materials and Methods 


Japanese commercial varieties of Allium fistulosum, called “ Koshizunegi” and 
“Sapporo nebuka futonegi”, and an unknown variety of Allium odorum were used, 
Seeds of the former variety of welsh onion harvested on June 1952 had been kept 
carefully in the desiccator. The seedlings germinated on September 1952 were used 
for study. Seeds of the latter variety of welsh onion, stored for four years, were 
sown on feeorunes 1953. In fragrant-flowered garlic, seeds of six months after 
harvest (October 1952) were employed as materials. At the start of experiments 
the seeds were soaked in water for 24 hours, and then were transferred to wet filter 
paper within petri dishes. Seedlings with primary roots of about 0.3-0.5cm. in whole 
length were selected excepting the special case and used in the present investigation. 
Root tip alone or seedlings as a whole were fixed with Carnoy’s fluid and the pre- 
parations were made by the ordinary aceto-orcein method. 


Observations 
Allium fistulosum 


I. The frequency of aberrant cells 


* Biological Institute, Nagoya University 


a: 
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Fresh seeds germinated rapidly and grew uniformly at 20°C, while in the stored 
seeds germination was delayed and the development in length was irregular in each 
seedling. As mentioned previously (Kato 1950), various mitotic aberrations were 
observed in the primary roots of seedlings. The frequency of root-tip cells with 


chromosome fragments and/or bridges are summarized in Table 1. The cases in 


Table I. Frequency of aberrant cells with chromosome fragments 
and/or bridges in the primary roots of welsh onion seedlings 


Vari Slide No. of cells No. of Per cent of |Germination 
ariety (Treatment) | number eXamined aberrant cells | aberrant cells | per cent 
i wo 7 9.3 
2 47 4 8.5 
3 73 6 8.2 
Koshi , 4 14 | 5 6.8 
oshizunegi 
(stored for three months) o of 8 9.5 9876 
6 74 “af 9.5 
7 37 5 13:5 
8 112 ial 9.8 
e 9 69 Zi 2.9 
Subtotal 645 55 8.5 
‘ 1 32 5 15.6 
b 2 123 4 2c3 
3) 30 5 16.7 
Sapporo nebuka futonegi 4 35 6 val 83% 
(stored for four years) | 5 78 7 9.0 Ms 
6 25 4 16.0 
i 40 9 225 
8 124 9 Was 
Subtotal 487 49 10.1 
| z 
Total ie 1132 104 9.1 


which one or more structural changes are observed in one cell are indicated as one 
in this table, and the data in this table are limited to the abnormal cells in anaphase. 
In seedlings from fresh seeds, the maximum frequency is 13.5%, the minimum 2.9% 
and the mean 8.5%. On the other hand, in seedlings from aged seeds the maximum 
frequency is 22.5%, the minimum 3.3%, and the mean 10.1%. Judging from these 
data, the author believes it probable that the aging of seeds has an additive respon- 
sibility rather than being an essential factor in the induction of mitotic aberrations. 
Il. The type of chromosome fragmentation 

The types of chromosome breakages observed are shown in Figs. 1-14. In pro- 
phase and metaphase, it is very difficult to analyze the type of fragments. The 
fragments scattered in the cytoplasm are rarely found in metaphase. In late ana- 
phase and telophase, the fragments form the micronuclei. From the size and shape 
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of micronuclei, the character of fragments in anaphase may be estimated, but they 
become gradually pycnotic and diminish in size. Thus, the analysis of fragments 
was exclusively made in anaphase. Fragments and/or bridges usually occur in pairs 


A predominance of the structural changes originates from 
The typical aberration is the 


but rarely in single. 
chromosome breaks rather than chromatid ones. 
occurrence of paired and dotted fragments (Figs. 1-8), which are satellite-like. As 
well known, there is a satellite pair in welsh onion, called “ S-chromosome’’. In Fig. 
2, there attached and one free fragment are seen. Although the satellite fragments 
originate from true satellites of the S-chromosomes in most cases, false satellite frag- 
ments may occur if a small distal portion of certain chromosomes are broken off. 
This interpretation will be accepted in the case in which many satellite-like fragments 
are observed within a single cell. 

In the present observation, satellite-like fragments in a single cell were four in 
maximum number. If the breaks occurred at the fiber attachment of kinetochore 
or at the adjacent region, we can easily tell whether each fragment is of satellite 
origin or not, because the fragment of the latter is longer in length than that of the 
satellite origin, with exception of the short arm of S-chromosomes. The long arm, 
the short arm and the satellite of S-chromosome is 100, 27, and 23 respectively in 
length ratio according to the author’s measurement. Table II shows the frequency 


of satellitelike fragments. 


Table II. Frequency of satellite-like fragments 


* Number of Number of cells with 
Variety aberrant cells | satellite-like fragments Per cent 
Koshizunegi | 55 28 | 50.9 
Sapporo nebuka futonegi 49 15 30.6 
Total 104 43 41.3 


Of 43 satellite-like fragments observed, 38, at least, were of satellite origin, al- 
though 5 could not be analyzed. Beside the satellite-like fragments, pseudochiasmata, 
ring-fragments (Fig. 9), interlocked bridges (Figs. 10 and 11) and chromosome erosion 
(Fig. 14) were occasionally found. 

Il. Mitotic aberrations accompanying development of the seedling. 

In the early stage of germination, the primary root is pushed out from the seed 

coat by an initial elongation of the cotyledon concealed in the seed, and the basal 


part of the cotyledon itself gradually emerges from the seed coat. 


This stage is 
called “stage I”. 


In the next step, there appears a sharp bend of the elongated 
cotyledon (known as “knee”), where the tip is yet left in the seed coat. This stage 
is “stage II”. 

In stage I, mitotic aberrations are exclusively observed in the root-tip, while in 


stage II no mitotic irregularities are observed in the root-tip, and they are most 
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frequently found in the transitional region between the shoot and the root, in the 
knee region, and in the absorbing tip of the cotyledon left in the endosperm. These 


relations are shown in Table III. At the endof a week, the seedling elongates about 


Table II]. Frequency of abnormal cells found in various regions of seedlings* 


Transition region = : Absorbing tip of 
Whole between shoot and a ae eee of | cotyledon left in Root-tip 
length of root | the endosperm 
seedlings ; i eae Qh eee re 
Can” No. of % of No. of % of No. of % of No. of % of 
cells abnormal cells abnormal cells abnormal cells abnormal 
examined Cells examined cells examined cells examined cells 
0.8-0.9 777 10.3 916 12.8 695 10.7 200 0 
1.0-1.2 tae 18.0 968 18.1 1080 1A 300 0 
1.3-1.4 250 - 62 289 5.6 680 41 200 0 
1.5-1.6 200 1.0 78 0.5 132 0 200 0) 
1.7-1.9 60 0 72 0 45 0 200 0 


* The data obtained over two years were summarized in this table. 


to 2cm. in length, and the cotyledon is green and photosynthetic. In this stage, cell 
divisions are observed only at the shoot and root apices, and they are quite regular 
in the behaviour of chromosomes. 


Table V. Frequency of aberrant cells in 
the primary roots about 0.5cm. long 
(Allium odorum) 


Allium odorum 


The occurrence of the aberrant 


cells seems to be correlated to the Raabe rae 
developmental stages of the seedling. LP aga ate of ‘eel, eee Per cent 
The fragments were most frequently Hes pees 
observed in the stage just after the 1 126 2 
start of germination, less frequently 2 78 5 
in the later stage, and disappeared 3 105 4 
completely from the meristem of seedl- ; iis : 
ing about 1.5cm. long. Table IV shows 6 91 9 
the relation between the whole length 7 90 4 
of seedlings and the frequency of aber- 8 138 3 
rant cells. 7 ss : 

Table V shows the frequency of 4 ats A 
aberrant cells in the roots about 0.5 2 93 9 
cm. long. Acentric fragments usually: ¥ 13 69 1 
occur in pairs, ranging in shape from 14 125 5 
minute dots to rods, and ring type is 15 90 3 
infrequently observed. It seems pro- ae A 2 
bable that the chromosomes are ef- Total 1619 58 3.6 


fectively monopartite at the time of 


e 
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breakage, but not bipartite. This suggestion is supported by the classification 


of mitotic disturbances observed, as shown in Table VI. 


Table IV. The relation between the whole length of seedling and the frequency of 
aberrant cells* (Allium odorum) 


Average length of 20 seedlings (cm.) <0.2 0.2-0.6 0.6-1.0 1.0> 


Per cent of aberrant cells to the total 12 39 2.9 01 
cells examined 


* The percentage of aberrant cells was calculated on the basis of 100 cells in each period. 


Table VI. Classification of mitotic disturbances (Alliam odorum) 


G t Brid Rings | Fragments and bridges 
Type of : Fragments ridges ng g g veel 
aberrant cells iS ot 5 3 3 | 5 5 a 
2 | 0 21 0 58 


Number of cases} 23 il cL 0 


* paired (chromosome unit) ** single (chromatic unit) 


The Effects of Water Extracts from Seeds on Mitosis 


It was tested whether or not chromosome breakages are induced by the water 
extracts from fresh and aged seeds of welsh onion and soybean (Vicia faba). The 
results obtained are more or less fragmentary. In welsh onion the intact seeds were 
used, and in soybean the seed coats and the embryos were separately treated. 
Coarsely ground broken whole seeds or each portion of seeds were extracted with 
distilled water at 30°C for 24 hours in darkness. 10, 5 and 2 grams of the material 
were added to each 100 cc. water for test solutions. The roots of Allium fistulosum 
were immersed in the solutions for 4, 24, and 48 hours. Root-tips thus treated were 
fixed acetic-alcohol, and the preparations were made by the squash technique. 

The water extracts from welsh onion seeds, both fresh and aged ones, acts as 
a spindle poison. Mitotic aberrations observed are lagging chromosomes in anaphase, 
c-mitosis, multipolar spindle, scattering chromosomes in metaphase, multinucleate 
cells, free fragments and sticky bridges. In most cases the occurrence of free 
fragments results from the formation of sticky bridges. 

The soybean experiment with the water extract from fresh seeds shows that 
there is marked difference between the water extract from seed coats and that 
of embryos on mitosis. The water extract from seed coats acts as an mitotic in- 
hibitor. The nuclei of all cells were in the resting stage in the case of 24 and 48 
hours’ treatments. Lower concentration—2%—reduced the rate of inhibition. When 
the treatments were made with the test solutions for 24 hours and thereafter recovery 
in water 24 and 36 hours, spindle disturbances were sometimes found. On the other 
hand, the water extract of embryos acts as a growth regulating factor on mitosis. 


It affects the differentiated cells, but not the meristematic cells. In the cells of 
e 
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cortex and vascular bundle, tetraploid divisions were frequently observed. The 
extract from embryos of the seeds stored for twelve years induces no tetraploid 
divisions in the differentiated cells. When the treatments were made with test 
solution for 8 hours followed by recovery for 24 hours, chromosome fragments and/or 
bridges were found in root meristem. The frequency of affected cells is given in 
Table VII. Figs. 15-20 show the disturbances of various patterns. 


Table VII. The effects of water extracts from embryos of aged 
soybean seeds on mitosis 


Concentration of Total number of Number of cells containing P t 

treated solutions | root-tip cells examined fragments and/or bridges eee 
5 1220 iy 1.4 
10 1435 39 Deal 
20 1270 36 2.8 


Discussion 


It seems probable that the aging of seeds is not an essential factor for the in- 
duction of chromosome breakages. Why does the seed degenerate with age? The 
aging may induce the degeneration of enzymes or auxins, the disappearance of stored 
foods in seeds and coagulation of protein of the embryo. It is possible that these 
factors enter into the make-up of the nuclei and in turn upset nuclear mechanism. 
Also toxic or inhibiting substances accumulated within the seeds during storage may 
upset the usual mode of cell division. The fact that chromosome fragmentations are 
frequently detected in the seedlings germinated from seeds stored under good con- 
ditions from fresh seeds may show that the aging is an additive factor. It has also 
been shown that germination or growth inhibitors are present within the seeds of 
many plants (Barton and Solt 1948, Evanari 1949). Barton and Solt have found 
greater inhibitory activity for growth in aqueous extract of the pole bean, and a 
gerater activity in the seed coat than in the cotyledons or embryonic axis of the 
seed. These inhibitors are activated by soaking the seeds in water prior to germi- 
nation, and they may induce chromosome breakages. It is certain that the substance 
formed by the metabolic activities specific to the early stage of seedlings leads to 
mitotic aberrations. 

Localized chromosome breakages in root-tip cells of Vicia faba and Pisum sativa 
treated with certain chemicals such as 8-ethoxycaffeine, nitrogen mustard, maleic 
hydrazide, and pyrogall etc. have been hitherto reported by Ford (1949), Therman- 
Suomalaninen (1949), Lovellss and Levell (1949), Kihlman (1950), and Darlington 
and McLeish (1951). In this connection, Levan and Lotfy’s observation (1950) on 
the spontaneous localized fragmentations of chromosomes in Vicia faba is of specific 
interest. In onion plants used for the Allium test, localized breakage has never 
been described. The marked difference in chromosome morphology between onion 


128 fi wm 4 RE Bw 48 67 4 3 791—792 | ABA 28 4A S—6 


and welsh onion is in the satellite (Kurita 1953). At least in welsh onion, the breaks 
seem to localize to the nucleolar chromosomes. They occurred in the satellite fibre 


or in the adjacent region of satellite-chromosomes. When the frequency of satellite- 


like fragments observed in the present investigation is compared with the data of 


other workers, the percentage of the former is considerably lower. In the chemical 
treatments, the longer the duration of treatment and the higher concentration, the 
lower is the percentage of satellite-like fragments; and also the percentage of satel- 
lite-like fragments decreases corresponding to the lengthening of the time for reco- 
very. But in the case of spontaneous chromosome fragmentations, we may be able 
to say that the root-tip with the lowest absolute frequency of breaks had given the 
highest frequency of fragmented satellites. The localization of chromosome breakages 
has been explained by Kihlman (1952) as “nucleolus hypothesis”, so that it is left 


untouched. here. 


Summary 


In seedlings of Allium fistulosum and Allium odorum, chromosome fragmenta- 
tions were often found. Their occurrence could be correlated to the developmental 
stages of seedlings. The breaks wére almost chromosomal rather than chromatid. 
It is suggested that the factor or factors resulting from the specific metabolism in 
the early stage of seedlings rather than that from the aging of seeds may be respon- 
sible for the structural changes. Cytological effects of water extracts from aged 
and fresh seeds of welsh onion and soybean were described. It was ascertained that 
the water extract from embryos of aged soybean seeds gives weak radiomimetic 
action on mitosis. Fragmentation found in Allium fistulosum occurs predominately 


by breaking of the attachment fibre of the satellite in the nucleolar chromosomes. 


I wish to express my hearty thanks to Prof. T, Shimamura who has always given 
me good advices and encouragements. 
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Figs. 1-8. Typical satellite-like fragments. The arrows show the satellite-like fragments. 
Figs. 9-14. 9, anaphase with ring fragment. 10, interlocked dicentric chromatid. 11, interlocked 


dicentric chromatid and paired acentric fragment. 12 and 13, paired dicentric chromatids. 


14, chromosome erosion. 
Figs. 15-20. The effects of water extract from embryo of soybean seeds stored for twelve years. 


15-20, mitotic aberrations of various patterns. 
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Table I. 
Species examined Sex icplerioetes Karyotypes Localities 
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I, #244 (n=10) 

B. decurrentifolium, B. Buchanani var. japo- 
nicum (tL n=10 CHBRORERMORLEALA L, 
ZOPAVILMIG & Ue <A CHS (Figs. 1-7). 

B. decurrentifolium D10(AD BAKO BRRIL 
HEED i-CD SE DFE DSI BAricv» CFig. 5)o 
Ale Bait 9,36 &% n=10=VCH)+2V4+6+ 
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FAIL O BMI RR eho V SHOR 
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Figs. 1-7. JfH (n=10) OAUMARDALER A eR 


gues. x 4000/3 Chromosomes and heteropycnosis 
in gametophytes of basic species (n=10). 1-5. B, 


decurrentifolium 1,2 9 3,4 6 5. Serial align- 


ments of the chromosomes shown in figs. 1(? ) 
and 3(3). 6, 7. B. Buchanani var. japonicum 3. 
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10) CLES MET Om thS. HPeRE 
Yea fKO BTN S tr fe HA fEAk Calobryum 
rotundifolium C% FL bIVTWS CieBF 1935, 
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CHULA CL LUE LIMITA URIS D EN 
CAAA 2 WS (AICA BE LIMIT 45 (Figs. 
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Figs. 8-19. f—fafB (n=11) RUZ (n=22) 
OBB D 4 fk & BS EHR. x 4000/3 Chromosomes and 
heteropycnosis in gametophytes of hypermonoploid 


eustegium °. 10,11. B. coreanum. 
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species (n=11) and diploid plants (n=22). 8,9. B. H,h LIAO 16 foe RAKO4 SA 
12-19. Monoploid (AITIERHOKTED VG, 20550 2 
an sien pita (NCIS LIE LLB ATR BHU (Fig. 


and diploid plants of B. Brotheri. 
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plant ¢. 19. Serial alignments of the chromosomes 


shown in figs. 12(9 ), 14(4 ), 17(¢). 


16-18. Diploid 
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monoploid (20-22) and diploid plants (23-25) of B. 
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Ill. (k= (n=18) 
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GEER CS. BALM MOM C n= 180 _ 


Bae ie. CU CHEOYZVA aA & 
42 (ARGH DODEDSACIILEL UC B. pili- 
gerum \LO\ CHT S CFigs. 26-30). 

B. piligerum D 18 (HORAAKERAROR) 
D 1s RecA BORKCOLAK H LO 

epowetK h & AVRO ea 2 AS 
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ee Table Il. B. Brotheri D—(SfK & —fHfROW Re 
4 Comparison of some characteristics between the monoploid and 
a diploid plants in B. Brotheri. 
: Monoploid Diploid 
c Characteristics M2/Mi1 
n M;+m n Mo+tm 
Surface area of leaf cells (2) 400 339.29 + 2.12 400 674.56 + 15.64 1.99 
pee ecu areas Ob ycapsales wall” 409 (|, 60¢294-0.46 ha 400m | 11a8 ssa gene er 
cells (v2) ; . . Oat: : 
Volume of spores (3) 400 1175.46 + 26.37 400 | 1938.32+29.10 1.65 
Number of peristomes in one 
capsule 25 16+0 25 16+0 1.0 
Width of base of peristomes (1) 150 102.5+3.0 150 ISL6s237 1.27 
Length of peristomes (y.) 150 DOLE Geo 150 (oostse Lie 1.38 
Surface area of MED oe a >) 48240.8* alee 
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Figs. 26-30. (L—(T (n=18) OURO YEG L LREWEMH. Chromosomes and 
Ne heteropycnosis in gametophytes of hypodiploid species (n=18). 26,27. B. piliger- 
28,29. B. Tsunodae @. 30. 
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fe ae LERbOK, Mb PRC SEL Rhytidiadelphus |RICHSc Rhy. 
HD PBILROM< KRENZ, triquetrus (n=6) & Rhy. calvescens (n=10) 

‘ fe) Agere arcs a m(h) OPP ORLG(KO LOPE Db, BHAT Oye 

SATE © EB & S05 OU B. decurrentifoli- BiAKD > > RP Ch) (hee He 
um FOLALE HEN SL, AAMIZERRE n=10= BAOAD PIM Le 4 OKAY tSL WH LK 
V(H)+2V+6+m(h) DofffkEb 1 57D (REF 1952), SEU he ARE BE ERIC b S 
H RU h ARE LACIE SER KO PBMOPID AHS LI, BHO KeeeRE 
WAS CABLE ICES ZR OO GIR CRS S RAMA AKDIGRPEL RI LOL LCR 
ChAPREXEATEM RUC, OB. RP bOO’ CS IMR ROARS LIEL 
Tsunodae Ditikeh piligerum OWERR EL < AR (DL Sau So & (EO PITA 4S 
Be RTECS CHS, ELCHRS S580 CHS, 

Résumé 


1. Seven species of the genus Brachythecium have been studied cytologically 
with special reference to their karyotypes and heterochromosomes. The karyotypes 
of these species are as follows; 

Brachythecium decurrentifolium 9,6 n=10=V(H)+2V+6+m(h) 


B. Buchanani var. japonicum 3 n=10=V(H)+2V+6+ m(h) 
B. eustegium 2 n=11=V(H)+2V+6+2m(h) 
B. coreanum n=11=V(H)+2V +6+2m(h) 
B. Brotheri monoploid 2,6 n=ll=V(A)+2V+6+2m(h) 
B. Brotheri diploid $ n=22=2V(H)+4V+12+4m(h) 
B. piligerum 2 n=18=V(H)+4V+12+m(h) 
B. Tsunodae Q n=18=V(H)+4V+12+m(h) 


2. B. decurrentifolium and B. Buchanani var. japonicum are the basic species 
of the genus Brachythecium having 10 chromosomes as gametic number. 

3. B. eustegium, B. coreanum and the monoploid plant of B. Brotheri are the 
hypermonoploid species which have one accesorry h-chromosome in addition to 10 
basic chromosomes. 

4. The intraspecific polyploidy was found in B. Brotheri. The diploid plant has 
two sets of the chromosome complements which are similar to those of the monoploid 
plant, and they show a obvious enlargement of some morphological characteristics 
in comparison with those of the monoploid plant. However, the differences between 
the characteristics of both plants are not qualitative but quantitative (Table 1). 

5. B. piligerum and B. Tsunodae are the hypodiploid species having two sets 
of autosomes with only one set of the heterochromosomes, ie. H and h. 
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Resumo 


1) Prospero kaj malprospero de amelogranoloj en la polenoj de Impatiens Bal- 
samina estas observita sur kulturmedioj. 

2) FreSaj polenoj povas kreski sur medio sen sukero. (Fig. 1) 

3) Sur sensukera medio, amelogranoloj en polenoj multigas antau éermado de 
tuboj kaj malmultigas responde al iliaj kreskado. (Fig. 3) 

4) Ce la polenoj enlasitaj en humid¢éambreto, amelogranoloj malaperas iom post 
iom kaj preskati ne estas videblaj post 70 horoj. (Fig. 5) 

5) Polenoj kiuj ne havas amelogranolojn kapablas sintezi ilin. Ekzemple: polenoj 
formigas ilin sur medioj kun glikozo, fruktozo at sukero. (Tig. 7) 

6) Polenoj transmetitaj de medio kun sukero 0% al 20%, malaperigas amelogra- 
nolojn, sed kiam ili estas remetitaj al 0% ili denove formigas granolojn. La atitoro 
komprenas la fenomenon de prospero kaj malprospero de amelogranoloj ke gi devenas 
de osmozreguligo en polenoj. (Fig. 6) 
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Table I. Separation of DNA from nucleic acids mixture 
Tine Temper ey ee _ Supernant ppt Total 
in ature < x | eee ee 
aur in °C —— added DNA DNA. DNA DNA %, 
9) @ (y) (%) (x) (%) ; 
15 37 15,000 15,000 836 O20 13,750 Qu O72 
3 50 16,500 15,000 880 ao 16,000 96.9 102.2 
3 50 16,500 15,000 880 'Byc03 15,250 92.4 97.7 
5 50 15,000 15,000 704 4.7 13,700 91:3 96.0 
a 50 15,000 15,000 748 5.0 15,250 101.7 106.7 
DNA is nena a determined by pies method. 
Table II. Separation of DNA from nucleic acids mixture 
Time Temper | oe he, ‘Suppernant ae Fe 
aaa in °C mee DNA Pp P P 
| added (7) | added (7) (x) (%) (y) (%) 
15 37 1,105.3 1,020.2 | 1,188.0 107.5 916.0 90.0 
3 50 et 1 93:0 1,075.0 | 1,240.0 103.6 1,009.0 ‘93.7 
3 50 | 1,193.0 1,075.0 1,251.0 | 1048 1,030.0 93.9 
| | 
5 50 | 1,140.8 1,042.2 | 1139:0 99.8 931.0 89.0 
5 50 | 1,140.8 1,042.2 | 1141.0 100.0 929.0 89.1 


P content of DNA and PNA is determined a ie OEY Bonne method. 
DNA and PNA used in this experiment contain 7.35% and 8.03% phosphorus respectively. 
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Hite fi) @TZCEMAA CHW. CO RRO 
Berenblum & Chain #& (1938) (K_k#aO HeSO4 
HD HALA CPA IE SAIC (SIGE RE Sz OE 
HeC h ZA ERA DIK < te <<, RIC SRON 
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Table III. Stability of the color developed by Fiske and Subbarow’s method 


Absorption 
P aah Increase 
conten : f 
i 20 minutes 12 hrs or 
1 OSG) after the after the absorption 
reaction | reaction 
32.0 SBho) 21.2 | 6.4 
| | 
42.7 | 19.3 32.6 iff 
Absorption intensity was measured by an electrophotometer. 
AEB{ELIO’, Lint Si KUBSE awk 
CL ZBBAD VY (MMR LS). oO 80 eb 


CLILS95 Si PBC BA COSHD 
MPRA 4 BAIA LV 6 
DHA HEMI > THTORD 
(XE#BO PVM #O—-BEGCHS. A 
KiLBMRROMAICLALOG, WFO 
1 9 C%HS_ (a) 50% HNO3, (b) 10% 
Ammonium molybdate /A¥#%, (c) Am- 
monium vanadate ‘4% (Ammonium- 
metavanadate 1.175 g #¥# HNO3 10 ml 
EDL, SHIEK 460ml HINA), 
Tem ATRL. PPR S ml IC BSE (a) 
% 0.6ml (b) # 10ml fy2k <i 
L, #35 (c) & 3.4ml Mz, 10 SL 
BICMETS. WIC Beckman 
spectrophotometer # FH\., 405~410 mp. 
OBC CREA & IEEE Rt (1 
Bo COA RICLZ’EMOBLLT 
0.3 y/ml~80 y/ml * GORUPA(LRER IC 
HEH SKre (B52 kU 3B). DNA, 
PNA ¢LCOSIt, BOR OOBOBR 
42 F470 10.1, 10.5 f§-+ 4 (Schneider, 
1945). 
BATA, 
soluble 
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ABSORBANCE 
ABSORBANCE 


80 100 
CONC Jue, 1 
sea uate cont CONC, OF Pa 
Fig. 2. Absorption of developed color at Fig. 3. Absorption of developed color at 
different concentrations of phosphorus different concentrations of phosphorus 
below 1.0 y/ml between 60 y/ml and 100 y¥/ml 


Summary 


After several model experiments, we modified Schmidt and Thannhauser’s 
method (Schmidt and Thannhauser, 1945) for the quantitative determination of 
nucleic acids and applied this modified method to plant cells. Procedure of the 
method is as follows: 

1. Separation: A piece of plant tissues is weighed and ground for about 10 
minutes in ca. 10 volumes of ice-cold 7% trichloroacetic acid. The suspension is 
centrifuged. The above treatment is repeated 3 times. Supernant contains acid 
soluble phosphorus substances. The residue is washed succesively with an ice-cold 
soln of 1% trichloroacetic acid, ice-cold water and ethanol. Then the residue is 
suspended in 30-40 volumes of mixture of ethanol and ether (3:1) and boiled for 5 
minutes. Centrifuged. The residue is washed with ether followed by boiling for 30 
minutes in 30-40 volumes of methanol-chloroform mixture (1:1). After centrifuga- 
tion the residue is washed with ether. Phospholipids are extracted by the above 
treatment with organic solvents. 

The residue is dried and suspended in N-KOH (10 ml per gram of fresh tissues) 
for 15 hours at 37°C. Centrifuged. The supernant is removed, 0.2 volumes of 
6N-HCl and one volume of 5% trichloroacetic acid are added to one volume of 
supernant, and kept in an ice-box for 30 minutes. White ppt is obtained. Then the 
suspension is centrifuged. Most of DNA is contained in ppt while phosphoproteids 
(in decomposed form), PNA (pentosenucleic acid) and a small amount of DNA are 
found in the supernant. The amount of DNA contained in the supernant is measured 
with Dische’s method. PNA and inorganic P derived from phosphoproteids are 
separated by Delory’s method (Delory, 1938) modified by us. 

2. Decomposition: The result of our model experment showed that the decom- 
position of organic substances with perchloric acid gave better result than to ignite 
them over a microburner with H,SO, or HNO; (cf. King, 1932). 
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3. Reagent: a) 50% HNOs, b) 10% ammonium molybdate soln, c) ammonium 
vanadate soln (Dissolve 1.175 g of ammonium metavaradate in 10 ml conc. HNO; and 
add 460 ml dist. water). 

4. Determination: For the quantitative determination of P, a method recom- 
mended by Fiske and Subbarow (1925) has frequently been employed by several 
investigators. But the result of our experiments showed that the color developed 
by this method was not stable and that a modified Barton’s method (Barton, 1948) 
was preferable to the method of Fiske and Subbarow. In this phosphovanadomoly- 
bdate method (PVM method), the color developed is very stable and is hardly 
affected by the presence of silicates (Shigematsu, unpubl). 

Procedure: 0.6 ml of reagent a) 1.0ml of reagent b) are added to 5ml of sample 
soln and followed by the addition of 3.4ml of reagent c). Keep 10 minutes at room 
temperature. Orange color developes. The transmittance of the color at different 
wavelengthes is shown in Fig. 1. In this figure it is seen that a maximum spread 
between the blank and the color developed is at 405myp-410 my. This wavelength 
is used for the spectrophotometric determination with a Beckman’s spectrophoto- 
meter. The absorbance is proportional to the concentrations of P between 0.3 y/ml 
and 80y/ml (Figs. 2 and 3). 
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Table I. Percentage of tropism to the parts of the pistil 


Parts of the Stigma Style 


Cortical part 


Ovary Cortical part Ovule Line Point 


pistil of style of ovary 
Percentage 88 48 46 


of tropism 


65 53 26 30 20 


Number of germinated pollen tubes that reached the pistil slices 


Percentage of tropism= 


Number of germinated pollen grains 
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Table II. Percentage of tropism to steamed pistil slices in Lilium 


cas 


. a oro treatent iby, bes Ne L. japonicum 

ag in minutes Stigma Style Ovary Stigma Style Ovary 
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Table II. Effect of the active substance diffused from tissues to agar in percentage 


Time of treatment ral ze longiflorum | L. . japonicum 
mn Oar = Style Ovary Ke Smemae Style ac Oa 
1 eee 46 Seo EOS | 
2 43 50 52 bs oul Us 
| 
3 44 50 64 | 
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Table IV. Percentage of tropism to agar blocks which active substance diffused to 


Time of treatment __ eh ial L. japonicum | Pure agar block 
in hours Stigma) Style | Ovary Stigma Style | Ovary (contro!) 
a 38 sae et 7 10 8 16 
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‘Text Fig. The pistil slices wrapped in collodion membrane 
A: A slide glass that is covered with agar medium 


B: Collodion membrane folded in half 
Slices of style or ovary 
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D: Pollen grains 
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Table V. Percentage of tropism to pistils wrapped in collodion membrane 
Ree Membrane mmthout Wrapped in collodion memb. Unwrapped tissues 
tissues (control ) Style Ovary Style Ovary 
| 2 " 
Percentage 40 74, | 62 78 68 
of tropism | 
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Summary 


In the present investigation, the tropism of pollen tubes of Lilium species was 
undertaken intending to see a relation, if any, between this tropism and the mecha- 
nism of penetration of pollen tubes from the stigma to the ovule in the fertilization 
of some higher plants. Pollen grains of Lilium longiflorum were spread around the 
pistil slices made from other flowers of the plant, or others, and the percentage of 
tropism was measured. 

The result of the present investigation shows that the pollen tubes are attracted 
to the pistils on the agar medium. Therefore it is highly probable to assume that 
pistils contain a factor which is responsible for the tropism of pollen tubes. This 
factor is contained in ovary tissues not including ovules, stigmas and styles (Table 
I), and diffuses into the agar medium (Table II, IV) and passes the collodion 
membrane (Table V). From these facts it is reasonable to assume that the factor 
is a chemical substance or substances of relatively small molecule, at least smaller 
than that of Congo Red. 

Since the pollen tubes do not show tropism to the pistils which have been steamed 
at 99°C for 10 minutes (Table II), it is concluded that the active substance is meta- 
stable to heat. 

Similer results were obtained in L. japonicum. 

Extraction of the active substance was tried but it was not able to separate with 
50% ethyl alcohol or ethyl-ether. 
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FP RSE 2+ 7 GREER) Herb. K. 
Sakurai No. 33720 
AS REAGAN (hBO ER) Herb. K. 
Sakurai No. 32886 
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A) Rhynchostegiella japonica Dix. et Thér. 
B) Rh. caudata Sak. 
C) RA. sulfro-thermale (Sak.) Sak. 
D) Rh. sericeo-nitida (Sak.) Sak. 
E) Rh. curviseta (Brid.) Limpr. 
F) Rh. Jacquinii (Garov.) Limpr. 
G) Rh. algiriana (Brid.) Broth. 
H) Rh. bandaiensis (B. P.) Broth. 
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Concerning the Myrsinaceae (‘Ardisiaceae ”) of Japan II 
By Egbert H. WALKER* 
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Received May 1, 1954 


SOME CRITICAL GENERA AND SUBGENERIC TAXA 
Maesa 
1. Subdivisions: 


Nakai (18, pp. 6 and 11) divides Maesa into section Doraena and section Dartus. 
Whether or not this separation znto two sections is justified is a matter of opinion. 
The species of Maesa can fairly readily be separated into two groups on the relative 
length of the corolla tube and corolla lobes. Comparison of Nakai’s Latin descrip- 
tions of these sections reveals no other significant differences. Neither Mez nor I 
nor any other workers have considered any valuable objective gained by formalizing 
this distinction, and using discarded generic names, such as Doraena Thunb. and 
Dartus Lour., to designate them as sections. One wonders whether this distinction 
of length of corolla tube would remain as definite as it seems to be for the eastern 


Asiatic species, if all species of the genus Maesa were considered. 


2. Species and subspecific taxa: 
(a) Maesa japonica f. gracilis (Benth.) Nakai (Nakai, p. 9): This variant was 
first published as M. coriacea var. gracilis Benth. Fl. Hongkong. 204. 1861 with the 


following description: A 
“Teaver narrower, almost lanceolate, racemes and pedicels more slender 


and longer, and corolla rather smaller. Hongkong, Wélford; and some of 


Champion’s early specimens in young bud appear to be referable to this form.” 


It was overlooked by Mez (12) and by me (29), but was taken up by Nakai as 


Maesa japonica f. gracilis (Benth.) Nakai. 
I have examined, on loan from the Kew Herbarium, a Wilford specimen from 


Hongkong, originally in the Bentham Herbarium. It was labeled first as “Maesa 
coriacea Champ. var. gracilis” in Bentham’s handwriting, later designated as “M. 
Doraena, Blume—Index Florae Sinenses.”” This specimen was selected by E. D. Merrill 
while he was working at Kew in 1951 as evidently the type of this variety. It was 
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filed with M. japonica, but did not appear to belong in that alliance, so it was sent 

on loan to me, after the preliminary sending of a fragment anda rubbing from the 

leaves left room for doubt of its true status. 

It is reasonably certain that this is Bentham’s type. It does indeed show some 
characters of Macsa japonica, which is the earliest name for M. coriacea Champ. 
and M. doraena Blume, but differences show it is not the same. M. japonica is 
strikingly and rather consistently marked (1) by the long corolla tubes which are 
two or three times the Jength of the lobes, (2) by the wide subfloral bracteols which 
clasp the base of the hypanthium, and (3) by rather coriaceous sub-entire or remotely 
serrate leaves. ‘The specimen here considered, however, has some corolla tubes 
equaling and some twice as long as the corolla lobes, ovate but not clasping brac- 
teoles, and rather thinner and oblanceolate leaves. The inflorescences, moreover, 
have more tendency to branch than is common in Maesa japonica. The flowers are 
smaller than those typical of M. japonica. However, in the erratically elongated 
corolla tubes it seems to resemble that species rather than M. tenera, to which it 
seems also related. No specimens I have seen of this latter species, however, have 
any flowers with such long corolla tubes. Furthermore, the leaves of M. tenera 
are much more coarsely serrate and are elliptic rather than oblanceolate, the latter 
a shape which may be found among M. japonica specimens. Thus Bentham’s variety 
seems to straddle the boundary that is usually rather clearly marked between M. 
japonica and M. tenera. The evidence suggests that it is possibly of hybrid origin, 
a theory which should be held in abeyance until evidence can be obtained by con- 
trolled hybridizing of these species. 

The transfer by Nakai of var. gracilis Benth. from M. coriacea to M. japonica 
seems acceptable since M. coriacea Champ. is properly a synonym of M. japonica 
(Thunb.) Moritzi. The taxa M. japonica var. elongata Mez, M. esquirolii Lév’l., M. 
randaiensis Hayata, and M. taiheizanensis Sasaki are all placed by Nakai as synonyms 
of M. japonica f. gracilis (Benth.) Nakai. The types or isotypes which I have seen 
of these reduced taxa, however, differ from the Wilford specimen from Hongkong of 
f. gracilis, which apparently Nakai did not see, and which it has already been pointed 
out is significantly different from M. japonica. In my ‘revision M. japonica var. 
elongata Mez was reduced to a synonym of M. japonica (29, pp. 19 and 22). Nakai 
(18, p. 10) seems to consider my interpretation, assuming his citation of Henry 7957 
is an error for 7757, in recognizing this as a synonym, but links it with f. gracilis. 
M. esquirolii Léev’l. was placed by me (29, p. 19) as a synonym of M. japonica 
(Thunb.) Moritzi. Since I discussed M. randaiensis Hayata as an uncertain species 
I have examined (1951) the type in the herbarium of the University of Tokyo and 
find that, although it has narrower leaves, it is too inadequate a specimen to be 
referred to any separate variety or form. ‘The type Maesa taiheizanensis Sasaki 
has not been seen. After examining the assemblage of specimens in the Tokyo 
herbarium which have been referred to f. gracilis by Nakai, I am convinced they 
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represent variations which are probably to be found in any large assemblage of 
Specimens of M. japonica. It seems to me, therefore, that, if there is in Japan a 
taxonomically recognizable narrow-leaved variant of M. japonica, it has not yet been 
clearly differentiated and properly named. Since var. elongata is untenable this 
variant can not be “f. elongata (Mez) Makino in Zissai Engei XXVI, 1082 in textu 
(1940) ”” noted by Hara 6, p. 80). 

(b) Maesa japonica f. latifolia (Miq.) Nakai (Nakai p. 10): The status of this 
form is the same as is that of the preceding form. The type is obviously that which 
was cited by Mez as “Siebold (Herb. Leiden)”. Nakai seems to have examined 
this specimen (17, p. 10) but I have not been able to do so. I have examined in the 
Tokyo herbarium the two specimens discussed by Nakai and find them rather 
Strikingly different in leaf width and size from the other specimens available, but 
they also differ from each other. Nakajima’s specimen is sterile. Matsumura’s came 
from a cultivated plant. Probably they represent either the vigor of a new shoot 
or a horticulturally developed form. Further study of abundant. cultivated and wild 
plants is needed to resolve the validity of this form. 

(c) Maesa augustini (Nakai) Tuyama (Nakai, p. 14): I have examined the 
type and other specimens in the Tokyo herbarium which were studied by Nakai and 
have studied his key, p. 11, and his description, p. 14, both in translation. The 
references to minute pubescence on the branches seems only partly substantiated. 
A few specimens of M. tenera Mez from Formosa and the Rytkyt Islands have a 
slight tendency to be pubescent. I cannot give taxonomic significance to the color 
characters described by Nakai. Comparison of leaf margins in the type specimen 
of M. augustini, which was taken from a cultivated plant in the Kiyose Experi- 
mental Station on Chichi-jima in the Bonin Islands with specimens collected by 
Tuyama on cliffs of Minami Iwo Jima (or South Sulphur Island, originally called 
St. Augustine Island), whence the type plant originally came, shows differences in 
teeth shape, size, and number more prominent than these differences in pubescence. 
Thus, I am compelled to consider M. augustini (Nakai) Tuyama as a synonym of 
M. tenera Mez. In my early attempts to understand M. perlarius (Lour.) Merr. and 
M. tenera Mez I was compelled to recognize much variability and intergrading. In 
fact, separation of nearly all of the species of Maesa was more difficult and less 
satisfactory than in any other genus of Myrsinaceae which I have yet studied. 


Calispermum 


(a) Calispermum oblongifolium (Hemsl.) Nakai (Nakai, p. 18): Embelia lenti- 
cellata Hayata was placed by Nakai as a synonym of C. oblongifolium, but in my 
revision, p. 168, it is a valid species. Although I had not seen the type, I considered 
from an examination of the literature that E.H. Wilson 10,865 from Formosa re- 
presented Embelia lenticellata. I have now, however, seen Hayata’s type, Kawakami 
& Mori 3465 and their number 1841, both in the herbarium of the University of 
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Tokyo. They confirm my earlier acceptance of the Wilson specimen as representing a 
species distinct from Embelia oblongifolia Hems], Nakai gives no indication of what 
specimens he had from China of Calispermum oblongifolium (Hemsl.) Nakai (Embelia 
oblongifolia Hemsl.) and I found in his studied material in Tokyo only one specimen 
from there. He laid stress in his discussion on the similarity of sepals and the 
unreliability of differences in veins because of varying techniques in drying speci- 
mens. He might have added the variability of leaf shape in Embelia oblongifolia, 
if more abundant material had been available. Nevertheless, the venation and leaf 
of E. lenticellata Hayata give definite evidence of its distinctness, a conclusion J came 
to even before seeing Hayata’s type. The available material, including a fragment 
of Hayata’s type, has been examined by Dr. Hui-Lin Li, who confirms my conclusion. 

(b) Calispermum rude (Hand.-Mazz.) Nakai, Bot. Mag. Tokyo 55: 527. 1941 
(Nakai, p. 20): Nakai’s original transfer of this name gave no indication of its 
origin, ice., the basonym or name bringing synonym. The name merely appeared in 
a list. For that date (1941) such a transfer was not in violation of the rules. 
Beginning with January 1, 1953, however, according to Section 6, Article 42, para- 
graph 2 of the International Code (8), such a transfer would be invalid. The 
basonym must be stated. The specimen in the University of Tokyo herbarium from 
Formosa, which was labeled by Hara and mentioned by Nakai at the end of his 


discussion, has been examined. 


Samara 


Samara laeta var. papilligera Nakai (p. 24): Nakai bases this new variety on 
Embelia penduliramula Hayata. Nakai’s material in the University of Tokyo her- 
barium, consisting of three specimens besides the type, has been examined. His 


revision of my tabular comparison (29, p. 183) of the original description of Embelia 


_penduliramula Hayata with my concept of Embelia laeta (L.) Mez seems itself to 


need slight revision. I find that my interpretation of Hayata’s description “ pedicels 
glandular puberulent” is more applicable than Nakai’s “pedicels minutely puberulent”. 
Pedicel length here certainly has no taxonomic significance. However, the constant 
character separating E. penduliramula and E. laeta is the minutely papillose character 
of the branchlets and branches of the inflorescence in the former. Reexamination 
of available specimens of EF. laeta (L.) Mez (Samara laeta L. of Nakai’s treatment) 
reveals three specimens from China which have this characteristic, which was not 
recognized when I prepared my revision. Thus the range of this variety may be 
extended. Since I do not agree with the reestablishing of Samara, this should be: 
Embelia laeta var. papilligera (Nakai) Walker, comb. nov., based on the type of 
Embelia penduliramula Hayata, collected by B. Hayata from “Mt. Arisan, inter 
Heishana et Nimandaira, ad 7000 ped. alt., Aprili (fl. et fr.) 1914”, in the Herbarium 
of the University of Tokyo (fragment in the U.S. National Herbarium). Additional 
specimens; China, Kwangtung Province, Ho-yuen District Mk: W.T. Tsang 
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28512, Mar. 16-31, 1938 from Kwai Shan 2{l, and 28762, May 5-30, 1938, from filly; 
Kiangsi Province, Kiennan District fepglig: S.K. Lau 3983, July 28-30, 1934 from Sai 


Hang Cheung pit, all in the U.S. National Herbarium. 


Ardisia-—Bladhia 
1. Ardisia Swartz or Bladhia Hornst.» (Nakai, p.-28): 


Nakai uses the name Bladhia whereas Ardisia appears in my revision. Nakai 
in 1921 (14) transferred to Bladhia all the Japanese species of Ardiséa which had 
not previously been ascribed to that genus. The following of this procedure by most, 
but not all, Japanese botanists since that time has complicated the nomenclature of 
eastern Asiatic Myrsinaceae. The latest exception is found in 1953 in Jisaburé Ohwi, 
Flora of Japan (19), Avdisia being used there instead Bladhia. No clear explanation 
of the basis of this use of Bladhia has been available in English. Explanations are 
given in Japanese in Nakai’s 1921 paper (14), in his phylogeny of the Ardisiaceae 
(17), and in his revision (18). Following is a translation prepared by Luhrs Stroud, 
revised by H.L. Li, of Nakai’s discussion in the latter work, under Tribe Ardisieae, 
p. 26-27, where there is an excellent drawing of the type species, A. tinifolia Swartz: 

“Shrubs or trees or procumbent small shrubs [i.e., suffrutescent undershrubs ]; 
glabrous or hirsute or scaly [i.e., lepidote]. Leaves persisting 2 years, alternate, 
opposite, or whorled. Inflorescence corymbose or compound corymbose, or a ~ 
terminal panicle. Flowers 5- or 4-merous; the sepals separate, sepals and petals 
dextrorsely imbricate; the ovules in 1-3 rows on the placenta; the albumen 
bony and smooth.” 

“Genera 6 with one Japan.” 

“The International Committee on the Rules of Botanical Nomenclature rejec- 
ted Bladhia and accepted Ardista Swartz as a nomen conservandum. According 
io the International Rules of Botanical Nomenclature, this decision must be fol- 
lowed if it is accepted at the next general meeting of the Congress, and cannot 
be reversed. But in adopting Bladhia, [I use] it in a special meaning distinct 
from’ Ardisia. There are over 10 species of Ardisia (type species A. tinifolia 
Swartz), primarily in South America, but with some species in South China, 
Indo-China, and eastern India [? East Indies]. The inflorescence is a terminal 
compound raceme and not a lateral corymb or cyme, which characterizes 
Eubladhia, Crispardisia, and Tinus. The anthers open at the apex by pores. 
It is separated from the section and species of Eubladhia by the united or 
distinct petals, the number of ovules in the placenta, the number of parts in 


5) Bladhia is usually attributed to Thunberg. It actually appeared in the Thunbergian dis- 
sertation ‘Nova genera plantarum, quorum partem primam” by C.F. Hornstedt, 28 pp., 1781, 
republished as “Dissertatio de novis generibus plantarum”, in C.P. Thunberg, “ Dissertationes 
academicae Upsaliae habitae sub praesidio Caroli Petri Thunberg ”, 1: 1-28. 1799. Thunberg 
himself attributed Bladhia japonica to Hornstedt (cf. Thunb. Fl. Jap. 95. 1784). 
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the flower, the shape of the inflorescence, the presence or ‘absence of bracteoles 
or bractlets on the pedicels, the shape of the stigmas, the arrangement of the 
corolla lobes, and the nature of the albumen. These are important phylogenetic 
differences distinguishing tribes and genera. Disregard or overlooking of these 
points by American and European scientists reveals their classification as artificial 
and imperfect.” 

Ardisia was founded in 1788 on a West Indian species A. tinifolia Swartz, and 
Bladhia in 1781 on a Japanese species, B. japonica Hornsted. Ardisia is a conserved 
generic name (8, p. 144). Mez recognized the distinctness of Bladhia by linking with 
the type species 8 other species ranging from Java and Sumatra to Japan. Its 
similarity to Ardisia was recognized by him in establishing it as a subgenus of 
Swartz’ genus Ardisia. Pitard (20) in 1930 placed Mez’ Indo-China species in 
“ Crispardisia Mez”. In my revision (29) 12 species of “Sect. Bladhia (Thunb.) 
Mez”® were recognized, some new and some described*by others since Mez’ mono- 
graph was published in 1902. However, I rejected two species included by Mez in 
order to include in Section Crispardisia all the species which have leaves with 
resinous marginal glands. Mez’ description stresses fewer ovules, the herbaceous or 
suffrutescent and low creeping habit, the more serrate leaves, and the axillary 
umbellate or corymbose or small paniculate inflorescences. I added the lack of 
albuminous or resinous marginal glands. 

Nakai thus separates Avdista from Bladhia on the terminal inflorescence and 
the apical pores of the dehiscing anthers. He suggests other characters in the divi- 
sion of the corolla, the imbrication of the petals, the number of ovules, the number 
of parts in each floral whorl, the bracts in the inflorescence, the stigmas, and the 
form of the albumen, but these differences have nowhere been critically and thor- 
oughly elaborated by him with cited specimens to document his conclusions. His 
Japanese description of Bladhia on p. 29 of his treatment is simply a generic des- 
cription covering the species he includes. It contains nothing more that clearly 
differentiates them from his accepted Avdisia species. 

I do not find that the differentiating characters given by Nakai are incompatible 
within one genus, in view of the numerous characters which link together the several 
hundred species generally accepted in this genus. Nakai’s characters, therefore, do 
not seem to me to be of significant phylogenetic importance. If theyare of such 
importance, this fact has not yet been amply demonstrated. Again it seems evident 
that one cannot make valid analysis of the subdivisions of a taxonomic unit, whether 
a genus or a group of genera, by studying only a geographically limited number of 
species (see disctission p. 109). Thus I do not believe Bladhia as a genus Can 
be differentiated from Ardisia. Bladhia makes a convenient subdivision, preferably 


6) It is again unfortunate that this was not called a subgenus as designated by Mez (see also 


p. 111 footnote 4). Also the parenthetical authority should have been Hornsted, (see discussion p. 
159, footnote 5). 


July—Aug. 1954 Bot. Mag. Tokyo, Vol. 67, No. 793—794 161 


a subgenus, of Ardiésia, if defined as Mez and I have done. Its enlargement as a 
subgenus by the addition of other species than those recognized by Mez, as by the 
transfer to it of some of Pitard’s species, only emphasizes its perhaps artificial 
segregation within the genus Ardisia. The species are best held together by a 
common habit of growth. The two species which I rejected from Mez’ concept 
of Subgenus Bladhia, namely A. mamillata Hance and A. primulifolia Gard. & 
Champ., are similar in habit. Could the species which I include in Subgenus Bladhia 
represent the suffrutescent members of the Subgenus Akosmos, as defined by Mez, 
which lacks marginal glands, and my species, removed from Mez’ concpt of Subgenus 
Bladhia, represent the same tendency in Subgenus Crispardisia, which does have 
marginal glands? I do not believe there is sufficient evidence to establish such a 
theory and that our groupings do and probably blwaya will contain much that is 
only artificial and convenient. 


2. Subdivisions of Blahdia or Ardisia: 


Nakai recognizes four sections for the genus Bladhia Thunb., namely the Section 
Eubladhia Nakai, Chinensis Nakai, Crispardisia (Mez) Nakai, and Tinus (Mez) 
Nakai, Mez designated his subgeneric units as subgenera (although under the genus 
Ardisia instead of Bladhia, a difference to be discussed later). Changing these units 
from subgenera, as Mez designated his first subgeneric unit, to sections requires 
designation by double authorities (cf. Art. 59 of the 1952 Code (8)). Since the first 
two are entirely new and the others are transfers, these aurhorities appear to be 
correct. However, in my treatment (29) the subdivisions of Avdisia are designated 
as sections, and Crispardisia and Tinus are both attributed to Mez and are used in 
the same sense as Mez used them. I regret having made this inadvertent and pur- 
poseless change from subgenera to sections. However, since they are made and 
since Nakai designates them as Sections, they should be Section Crispardisia (Mez) 
Walker and Section Tinus (Mez) Walker, even though he places them under Bladhia 
instead of Ardisia. The reasons presented in discussing Maesoideae on p. 109 preclude 
the use here of “Nakai” as authority because of their use under Bladhia instead 
of Ardisia as in my treatment. 

The separation of Sect. Eubladhia Nakai, with serrate opposite leaves and stems 
procumbent above ground or among fallen leaves, from Sect. Chinensis with entire 
alternate leaves and stems crawling below ground (see key in Nakai’s Ardisiaceae, p. 
29) is one of the most clear cut distinctions recognized by Nakai. If it should seem 
beneficial to establish sections in my treatment, after reestablishing Bladhia properly 
as a subgenus instead of a section, as I inadvertently made it, then his sections 
could well be recognized. 

Nakai in 1941 (17, p. 524) established Section Crispardisia (Mez) Nakai based on 
Subgenus Crispardisia Mez. Section Crispardisia Mez rather than Subgenus Cyispar- 
disia Mez inadvertently appeared in 1940 in my revision (29, p. 82), a publication 
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perhaps not known to Nakai when he issued his phylogentic treatment of the 
Ardisiaceae in 1941. This section is well characterized and readily recognized by 
the albuminous or resinous marginal glands on the leaves variously related to the 
serration, crenation or undulation of the margin. According to Jongh (7) these 
albumin secreting glands result from the activity of Bacillus follicola associated 
with hydathodes in the leaves. Thus the Subgenus or Section Crispardisia seems to 
owe its identity to the physiological activity of a symbiont. Is this a phylogenetic 
or an attificial characterization of a taxonomic unit? One wonders about the phylo- 
geny of other species, presumably having hydathodes, but which do not respond to 
and therefore perhaps inhibit or eliminate corresponding bacterial action. Doubtless 
phylogeny is legitimately traceable through physiological as well as morphological 
characteristics. . 

Section Tinus (Mez) Nakai should technically but unfortunately be Sect. Tznus 
(Mez) Walker. Nakai explains (18, p. 117) that this section contains more than 60 
species including those with strongly imbricated and those with not strongly imbricated 
sepals. He thus combines the subgenera Tinus and Akosmos, which were recognized 
as distinct by Mez, Pitard, and Walker. He ignores the subgenus Acrardisia Mez, 
doubtless because it contains no Japanese species. Subgenus 77nws (Burm.) Mez is 


> 


represented in this area by “Bladhia racemosa (Lour.) Nakai,” which occurs in Botel 
Tobago (Kotésh6d) off the southeastern coast of Formosa. The confusion in the 
nomenclature of this species will be discussed later. Subgenus Akosmos Mez con- 
tains 3 Japanese and 4 Formosan species according to Mez (12) and 2 according to 
my treatment (29). It is difflcult to understand how one who has compared the 
broad and usually conspicuously overlapping sepals of Ardisia arborescens Wall., A. 
solanacea Roxb., and A. humilis Vahl of the section Tinus (Burm.) Mez (as inter- 
preted by Walker, not by Mez or Nakai) with those of A. sieboldii Miquel and A. 
quinquegona Blume of Section Akosmos Mez can state that it is impossible to define 
boundaries in this assemblage, and that therefore they should be grouped in a 
natural division or assemblage as Sect. Tinus (Burm.) Mez. There are indeed 
borderline examples, but these are few. These subgenera are certainly as readily 


separable as are the two sections, of Maesa which are recognized by Nakai (see p. 
155). 


Notulae de Charophytis Japonicis I* 


By Hideo KASAKI (formerly MORIOKA)** 
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§1. Two species of Nitella having minute fertile branch either at the node of 
branchlet or at the base of whorl or both. 


Nitella Maruyamae Kasaki, sp. nov. 

Planta monoeica, 20-30cm longa, claro-viridis. Caulis 300-320 crassus; inter- 
nodia quam ramuli 1.5-2 plo longiora vel aequilonga. Verticilli fertiles et steriles 
similes vel verticilli fertiles plus minus congesti. Ramuli verticillorum 5-6, 3-(4) 
tim furcati. Radii primarii 5-8mm longi, 160-200 crassi; radii secundarii 4-5; 
tertii 3-4; (quaternii 3-4); dactyli 3, constanter 2 cellulati, frequenter abbreviati et 
inaequilongi, cellula ultima parva conica acuta, 60-90 4« longa et ad basi 30-35 w lata. 
Ramus nanus frequenter ad nodum primarium ramulorum vel ad basi verticillorum,. 
minimus et fertiles, 2-3 tim furcati. Gametangia ad nodos omnes. Antheridia 240- 
250 #4 diametro, solitaria. Oogonia solitaria vel aggregata, 410-440 w (coronula incl.) 
longa et 280-290 w lata, non in muco immersa; cellulae spirales 6-7 convolutae; 
coronula ca. 40 w alta, et basi 65-70 w lata, cellulis superioribus paulum longioribus. 
Oospora brunnea, 230-250 » longa, 200-220 mw lata et 150 » crassa; striis 4-5; membrana 
dense punctata. 

Jap. nam.: Maruyama-hurasukomo. 

Hab.: in ponds. 

Loc.: in Honsyt. Pref. Simane, Yokota-mati, Jun. 17, 1954, No. 2984, Leg. I. 
Maruyama. 

This plant has a minute fertile branch at the node of branchlet or at the base 
of whorl. In Japan, 3 species have, so far, been found sharing these characters (ike. 
Nitella flagellifera, N. microcarpa, N. Tuyamae). However, the present species is 
easily distinguishable from the foregoing 3 other species by its small oospore with 
a small number of ridge and by the oospore membrane covered with minute granules. 
‘This species was found by Iwao Maruyama for the first time in Yokota-mati, Pref. 
Simane. Therefore, the above name is given to this plant in memory of this famous 


collector. 


* Contributions from the Division of Morphology, Biology Department, Faculty of Science, 
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Nitella gigantaea Kasaki, sp. nov. 

Planta monoeica, 50-100 cm longa, viridis ad flavo-virens. Caulis robustus 900- 
1000 » crassus; internodia 6-10cm longa, quam ramuli 2-3 plo longiora. Verticilli 
fertiles et steriles similes, vel fertiles plus minus congesti. Ramuli verticillorum 6-7, 
3-4 tim furcati, 2-3.5cm longi et 400-600 crassi in radiis primariis; radii primarii 
totius longitudinis ramulorum 2/5-1/2; radii secundarii 6; tertii (3)-4; quaternii 3 
dactyli (radii ultimi) 3, plus minus abbreviati, constanter 2-cellulati. Ramus nanus 
frequenter ad nodum primarium ramulorum vel ad basi verticillorum, minimus et 
fertiles, 2-3 tim furcati. Gametangia ad nodos omnes. Antheridia solitaria, 240-260 
in diametro. Oogonia saepe 2-4 aggregata vel solitaria, ca 540 longa (coronula 
incl.), 370-410 » lata, non in muco immersa ; cellulae spirales 7-8 convolutae; coronula 
saepe inaequalis (quorum 1-2 elongata), 45-65 « alta et basi ca 75-80 mw lata, cellulis 
superioribus constanter longioribus. Oospora fulva ad brunnea, subglobosa ad ovali- 
formis, 310-320 ~ longa et 260-270 lata; striis 6; membrana rara reticulata cum 
papillis. 

Jap. nam.: Tugaru-hurasukomo. 

Hab.: in ditches. 

Loc.: In Honsyt. Pref. Aomori, Komozuti-mura, Aug. 29, 1951, No. 2611, 2612. 

: This is a huge plant reaching 1m. Although it has an external aspect resembl- 
ing to Nitella furcata var. fallosa, this plant can be distinguished from the latter 
by the character that a fertile minute branch is formed at the node of branchlet or 
the base of whorl. Furthermore, the oospore membran of this plant is decorated 
with papillae, like in N. japonica, but they are growing on coarse reticulate ridges. 
§2. A new species of Chara fibrosa group. 

Chara longicorollata Kasaki, sp. nov. 

Planta monoeica, claro-viridis 5-8cm longa. Caulis tenuis ca. 300-400 je crassus ; 
internodia frequenter quam ramuli breviora vel aequilonga. Verticilli ramulorum 
8-10. Ramuli ecorticati, 160-215 » crassi, segumentis 4-(5). Stipulodia uniseriata, 
valde evoluta, acuminata, 1200-1635 ~% longa, in numero quam ramuli plura, nor- 
mariter 15-16. Cortex diplosticus; cellulae serium primariarum quam secundariarum 
vix prominentes. Bracteae 5-7 acutae; in nodis primariis ramulorum 7, in secundari- 
aris 6, in tertiis et quarterniis 5. Aculei in longitudine variabiles (200-1000 ), vulgo 
aculei supra et infra. ramos ceteris longiores. Gamentangia solitaria et conjuncta. 
Antheridia puniced 290-320 1 diametro. Oogonia 800-950 « longa (coronula inclusa), 
400-480 4 lata; cellulae spirales 9-10 convolutis; coronula elongata, 250-320 w alta et 
170-195 » lata. Oospora aurata vel badia, 400-460 longa, 280-310 lata costis 
spiralibus 8-9. | 

Jap. nam.: Ogara-syazikumo. 

Hab.: in lakes, pH. 7.2, Cl-content 0.1 g/L, growing with Vallisneria. 

Loc.: in Honsyt. Pref. Aomori in lake Ogaranuma (at the Simokita Peninsula), 
Aug. 26, 1951, No. 2624, 2629. 
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Figs. 1-7. Nitella Maruyamae Kasaki 


1. Plant x 3/4. 2. Fertile branchlet (with a minute branch) x6. 3. A part of a fertile 
branchlet x20. 4. A minute branch x20. 5. Oogonium x50. 6. Oospore x50. 7. Oospore 


membrane x 1500. 


: Figs. 8-15. Nitella gigantaea Kasaki 

8. Plant x1/2. 9. Branchlet (with minute braiches) x3. 10. Dactyls x50. 11. A minute 
branch at the node of branchlet x10. 12. A minute branch at the base of whorl x15. 
13. Oogonium x50. 14. Oospore x50. 15. Oospore membrane 1500. 
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Figs. 16-21. Chara longicorollata Kasaki 
16. Plant, natural size 17. Bas2 of a whorl x10. 18. Branchlet x10. 
19. Fertile node of branchlet x 20. 20. Coronula x50. 21. Oospore x50. 


In Japan, 3 species of Chara fibrosa group have already been reported (i.e. C. 
Benthamii, C. gymnopitys, C. flaccida). In 1951, a kind of plant belonging to Chara 
jfibrosa group was collected by the author at Ogaranuma Pref. Aomori. This plant 
is very small (up to 10cm) and grows in cluster like the tail of a squirrel. It differs 
much from other species in Chara fibrosa group by its remarkably elongated coronula 
(2.5-3 times as long as others) and by the length and arrangement of spine cells. 
Spine cells are up to 1000 long and verticillate and are arranged usually in 
6-groups within an internode. The uppermost and the lowermost one of the 6-groups 
are the longest. 
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Contributions to the Moss Flora of Mountainous 
Districts in Central Japan  I[I* 


By Noriwo TAKAKI** 


ANSE: AAP DUGHORSA IL 


Received April 22, 1954 


Mnium L. Sp. Pl. 1109 (1753) 
Sect. Trachycystis (Ldb.) Mitt. 


Mnium microphyllum Doz. et Molk., Musci Frond. Ined. Arch. Ind. 26 (1845). 

This species is found commonly in forests of lowland and in cultivated area of 
lowland also. However, when we proceed into mountainous districts it tends to 
decrease gradually and is scarcely found in the lower part of the deciduous-broad- 
leaved-forest-region which seems to be the upper limit of distribution of this species. 

M. flagellare Sull. et Lesq., Proc. Am. ‘Acad. 4: 277 (1859). | 


Sect. Polla (Brid. ex p.) Mitt. 


M. immarginatum (Ldb.) Broth., Enum. Musc. Cauc. 12 (1892). M. arcuatum 
Broth., Hedwigia 221 (1899), nomen in En. Musc. Cauc. 12 (1892). Rhizogonium mt- 
kawaense Takaki, Journ. Jap. Bot. 23: 5, f. 1 (1949) Syn. nov. 

The species Rhizogonium mikawaense described by me, seems to be a slender 
form of M. immarginatum, so the author have decided that the name of the former 
is the synonym of the latter. 

M. hornum (L.) Hedw., Sp. musc. 188 (1801). 

M. spinosum (Voit) Schwaegr., suppl. I, P. Il, 130 (1816). Horikawa, Bot. Mag. 
Tokyo 50: 205 (1936). (Fig. 1) 

Dr. Horikawa already reported this species from Mt. Hakut6dzan of North Korea 
as new to East Asia. Since his discovery no one has found this species in Japan. 
Accordingly my present collection is new to Japan. At this locality it shows a 
luxuriant growth on humus in a conifer forest. 

Loc.: South Alps; Mt. Senjo (Akagawara 1489 m, no. 9856, Aug. 1950). Noro- 
valley (1900-2000 m, nos. 14296, 14304, 14308, Aug. 1953). 

M. spinulosum Br. eur. fasc. 31, suppl. 4 (1846). (Fig. 2) 

Formerly Dr. Yabe had collected this pretty species from Mt. Yatsugatake and 
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Fig. 1. Mnium spinosum (Voit) Schwaegr. 

A. Fertile plant x1. B. Male plant x1. C. Lower 
leaf x5. D. Midlle leaf, dorsal view x5. E. Upper 
leaf x5. F. Apical part of leaf x103. G. Marginal 
part of ditto x103. H. Cells from middle part of ditto 
x 103. J. Capsule with lid x5. 


Fig. 2. Mnium spinulosum Br. eur. 
A. Plants x1.7. B. Lower leaf x8. C. Middle leaf 
x8. D. Upper leaf x8. E. Apical part of leaf x 155. 
F. Marginal part of ditto x 103. G. Cells from middle 
part of ditto x103. H,J. Perichaetial bracts x16. K. 


Deoperculate capsule x5. 


L. Synoicous inflorescence 
x8. , 
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this specimen,'which was deter- 
minated by Dr. Brotherus is 
now kept in the Herbarium of 
the National Science Museum 
of Tokyo. It was actually the 
first collection in Japan, but it 
has not been reported in written 
The author could find 


this very species at another 


form. 


locality mentioned below and 
this report here is the first one 


in Japan on this species. It 


forms a loose tuft on humus 


under a conifer forest mainly 
consisting of Tsuga diversifolia 
Mast. in the locality. 

Loc.: South Alps; Mt. Asa- 
yo (Hirogawara-pass 1700-1850 
m, nos. 14455, 14458, Aug. 1953). 
Mt. Yatsugatake (Coll. Y. Yabe, 
Aug. 21, 1902), 

M. stellare 
musc. 191 (1801). 


It is very characteristic that 


Hedw., Sp. 


the fresh specimen is very light 
green, while the exsiccated one 
turns to deep blue gradually 
and finally to black. It is found 
growing in the moist crevices 
of old rocks from the skirt of 
a mountain to the alpine region. 

M. sapporense Besch., Ann. 
d. sc. nat. VIL. 17: 345 (1893). 

This is found under the 


environment similar to that of 


M. stellare and has the same 


extent of vertical distribution 
with the latter. 

M. orthorhychum Brid., Sp. 
Musc. 3: 45 (1817). 
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M. laevinerve Card., Bull. Soc. Bot. Geneve 2 sér. 1: 128 (1909). 

M. thomsoni Schimp., Syn. 2 ed. 485 (1876). 

This species is the most allied to M. laevinerve in many respects, yet it is 
Scarcely distinguishable in the following points. Those are, leaf cells of the latter 
are collenchymatous’ and so cell-cavities are roundish-hexagonal, but the former 


has cell-walls slightly thickened at the corner and so cell-cavities are somewhat 
quadrate. 


Sect. Eumnium Mitt. 


M. trichomanes Mitt., Hook. Journ. Bot. 3: 231 (1856). 
M. japonicum Lindb., Act. Soc. Sc. Fenn. 10: 226 (1872). 
M. medium Br. eur. fasc. 5: 32 (1338). 
This is really rare and the author has been able to find it at a single locality. 
Loc.: North Alps; Mt. Kashimadake (2450 m). 
M. affine Bland., musc. frond. exs. fasc. 3, n. 133 (1804). 
This species is also rare. M. affine var. elatum found at Kamikéchi-valley, 
Nagano Pref., has been reported by Dr. Horikawa. 
. rostratum (Schrad.) Schwaegr., Suppl. I, P. II, 136 (1816). 
. veSicatum Besch., Ann. Sc. Nat. 17: 345 (1893). 
. maximowiczii Lindb., Acta soc. sci. Fenn., 10: 224 (1872). 
. undulatum (L.) Weiss, Pl. crypt. fl. Gott. 158 (1870). 
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Sect. Rhizomnium Mitt. 


M. punctatum (Schreb.) Hedwig, Fund, 2: 94 (1872) et Sp. Musc. 193 (1801). 

M. subglobosum Br. eur. 4: Suppl. 1, p. 3, tab. 388 (1846). 

M. striatulum Mitt., Trans. Linn. Soc., 2 Ser. 3: 167 (1891). M. glabrescens 
Kindb. Not. Canad. Bryol. (1893). 

M. minutulum Besch., Ann. Sc. Nat. 7: 17, 346 (1893). 

M. cinclidioides Hiib., Muscol. Germ. 416 (1833). 

This is also rare and occurs in boggy places of the alpine or the subalpine 
region. It grows as an under-growth of the Fern-vegetation such as Osmunda cin- 
namomea L. etc. in the following locality. 

Loc.: North Alps; Mt. Shirouma (Tsugaike 1900 m). 

M. hymenophylloides Hiib., Muscol. Germ. 416 (1833). Takaki, Journ. Hatt. Bot. 
Lab. 10: 26 (1953). 

The author has already reported that this species is so far found only on 
calcareous rocks in South Alps in Japan. 

M. speciosum Mitt., Trans. Linn. Soc. 2 Ser., 3: 166 (1891). Horikawa, Bull. Soc. 
Pl. Ecol. Sendai Japan 2: 147 (1953). 

This splendid and endemic species to Japan shows a luxuriant growth in a 
conifer forest as its under-growth. Dr. Horikawa had reported in detail on this 


geographical distribution in Japan. 
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General aspects of the vertical distributions on Mnium 


species in the present districts 


It is impossible to consider the vertical distributions of mosses independently of 
those of vascular plants. For, the former is greatly influenced by the latter con- 
cerning their existence. As for the vertical distributions of vascular plants in 
central Japan, we classify them as follows according to the altitude. 

a) Evergreen broad-leaved forest region. The region mainly distributes 
throughout the coastal districts. 

b) Deciduous broad-leaved forest region. The region comes next to the region 
a), and extends upwards generally as high as 1600m. The lower part of this region 
sometimes transformes to the wide grass-land due to natural or artificial factors. 

c) Conifer forest region. It comes next to the region b). Upper limitation of 
this comes as high as about 2400-2500 m. 

d) Shrub region. In the same way, this region reaches up to about 2800m. 

e) Grass region. It extends upwards to about 3000m. In this region, we can 
see, here and there, many shrubbery-vegetations which consist of Pinus pumila Regel 
or Alnus maximowiczii Call. 

f) Subnival region. It extends above about 3000m. There is no vegetation 


except a few Bryophytes and Lichenes. 


Most species of Mnium are growing in forests as their under-growth, and we 
see many species and abundant growth of them where the soil water is sufficient. 
We also see the transition of kinds of species parallel with that of forests. 

In the region a), we can find some inhabitants peculiar to this region such as 
M. succulentum, M. microphyllum, etc., and also many of the same species that are 
found in the next region b). The region a) is, however, out of the present con- 
sideration, because the first region which comes as the lowest zone in there moun- 
tainous districts is b). 

Inhabitants belonging properly to the region b) are as follows: M. sapporense, 
M. japonicum, M. maximowic2ii, M. vesicatum, M. hymenophylloides, M. rostratum, 
M. trichomanes, M. immarginaitum, M. punctatum M. minutulum. The last five 
species somtimes come up to the lower part of the region c). 

Inhabitants proper to the region c) are as follows: M. hornum, M. striatulum, 
M. flagellare, M. undulatum, M. speciosum, M. subglobosum, M. spinosum, M. spinu- 
losum, M. affine, M. medium, M. orthorhynchum. Among them, the first four species 
sometimes begin to occur at the upper part of the region b). We can find out that 
the present species are very few in number and less growth where the conifer 
forests are poor as in North Alps, while contrary phenomenon is observed in such 
rich forests as those in South Alps, the north foot of Mt. Fuji, etc. 


In the region d), we find some species belonging naturally to the region c), 
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provided that the place is humid. They are: M. striatulum, M. speciosum, M. horn- 
um, M. subglobosum, M. cinclidioides, M. orthorhynchum, ete. 


In the region e) and f), we can observe the poorest occurrence of the species of 
Mnium. We can hardly find the following species in the crevices of rocks or shady 
places under the shrubberys. They are: M. orthorhynchum, M. stellare. 

Among the inhabitants of regions c), d), e) and f), from the plantgeographical 
point of view, there are few species endemic to Japan such as M. speciosum, M. 
minutulum, and Bering element such as M. jlagellare. Except the species mentioned 
above, the rest are mostly dominated by the holarctic elements. 
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Electron-microscopical Study on Fine Structures 
of Diatom Frustules XII 
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Biddulphia Titiana Grunow (Text figs. 1, 2-A; PI.I, figs. la-d), Peragallo, Diat. 
mar. France pl. 105, fig. 6 (1897-08); Hustedt, Kieselalg. 1: p. 855, fig. 508 (1930) ; 
Mills, Index Diat. p. 308 (1933). 

Syn. Biddulphia membranacea Cleve, Peragallo, I--c., pl. 105, figs. 4, 5. 

L.M.SL Frustules elliptic-cylindrical, with elliptic valve surface. Valves narrow 
or broad elliptic, about 100-300 » long, and about 60-130 ~ broad, with almost flat 
valve surfaces and high mantles. Pervalval axis of the frustule is more or less 
elongated (Text fig. 1). Frustule pores on the valve surface about 5-7 in 10, 
arranged in radiating rows; on the mantle and the girdle about 4 in 10, arranged 
in longitudinal and somewhat quincuncial rows. At the centre of the valve surface, 
the arrangement of pores irregular. The rows of pores on both the valve and the 
girdle about 7-8 in 10, CPI. I, figs. la, c). 

Preparation for electron microscopy: Frustules dried on a slide glass were 
removed of their cell contents by burning on a 300W heater, and made into direct 
preparations. 

E.M.S.2. Frustule pores more or less elongated polygonal. Judging from the 
light and electron micrographs, the frustule pore seems to be incompletely locular, 
and probably closed at the outside by the primary and secondary sieve membranes 
and opens freely inwards. The diagrams of loculi are shown in Text fig. 2-A, and 
the electron-microscopic fine structures shown in them are as follows: The sieve 
membrane or the primary sieve membrane (sz) of the loculus (1) is perforated by 
marginal, 2-8 horse-shoe shaped or linear sieve pores (sf). Sieve membranes of the 
loculus on the valve surface and of the non-elongated loculus on the mantle have 
about 2-3 marginal, horse-shoe shaped sieve pores (Text fig. 2, a-b; Pl. I, figs. lb, 
ld-m). Sieve membranes of the elongated loculi, both on the mantle and the girdle, 
have 2-8 horse-shoe shaped and linear sieve pores (Text figs. 2, c-e; Pl. I, fig. 1d-g). 
A sieve membrane has 1-4 bridge membranes (6m) which separate the sieve pores. 


* Botanical Laboratory, Kyoto University of Industrial Arts and Textile Fibers, Kamikyoku, 
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1) L.MS.: Light-microscopic structure 

2) E.M.S.: Electron-microscopic structure 
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The bridge membrane consists of two parts, the rib (7) and the wing (w). The rib 
is a thick part, and the wing is a membraneous extension of the rib, extending 
usually bilaterally from the linear rib (Text fig. 2, A-a) or spreading as webs 
from the trichotomous rib (Text fig. 2, A-b). The ribs are likely to be arranged 
concentrically on the valve surface (PI. I, fig. 1b), and transversely on the mantle 
and the girdle (PI. I, fig. ld). On the mantle and the girdle, the bridge membrane 
sometimes don’t reach to the opposite margin of the sieve membrane and ends freely 
in the pore (Text fig. 2, A-c), and sometimes the bridge membranes are connected 
by wings, leaving several sieve pores between them (Text fig. 2, A-d). On the 
mantle and the girdle, sieve pores of a loculus sometimes communicate with each 
other through narrow channels (Text fig. 2, A-e, ch). Sieve pores seem to be closed 
by thin, non-porous secondary sieve membranes (scm) as displayed in Pl. I, fig. 1d. 
Secondary sieve membranes are very thin, quite penetrable to the electron beam, 
and not porous, and being so delicate that they are easely broken by treatments 
during preparation. I could find undamaged secondary sieve membranes only in a 
few preparations. The chemical nature of the secondary sieve membrane is un- 
known, but judging from its heat resistance, it is probably siliceous like the other 
parts of the frustule. -The side wall (sw) of the loculus is probably low, and ends 
freely inside. 

Habitat: Marine plankton. Off Hachijo Island, Tokyo Prefecture. (Okuno, No. 
m 817-20. Aug. & Sept. 1950. Collected by H. Takano.) 

Ethmodiscus sp. (PI. I, figs. 2a-c) 

L.M.S. Frustules cylindrical, up to about 110 in diameter. United in zigzag 
chains. Intercalary bands about 14-18 broad, about 9-15 present in a cell (PI. I, 
fig. 2a). Frustule pores on the intercalary band about 5-6 in 10y, arranged in 
longitudinal and oblique rows. In the present research, the valve surface could not 
be observed. 

E.M.S. Fragments of the intercalary bands were observed under the electron 
microscope by the same preparation-method applied on the previous species, The 
fine structure of the frustule pores on the intercalary band is the same as that of 
Biddulphia Titiana. In the present species, the direction of ribs of the bridge 
membranes can differ in intercalary bands. In some intercalary bands, it is longi- 
tudinal (PI. I, fig. 2b), and in others transverse (PI. I, fig. 2c) as in Biddulphia 
Titiana. The frustule pores of the previous and the present spscies are the same 
in structure as those of Triceratium Shadboltianum var. elongatum COkuno, Bot. 
Mag. Toyko 63: 99, pl. 2, fig. 4’ (1950)) and Ditylum Brightwelli COkuno, I. c., 65: 162, 
pl. 2, figs. 1/-1/” (1952)2. 

Habitat: Same as the previous species. 

Pinnularia major (Kiitzing) Cleve (Text fig. 2-B; PI. Il, figs. la-c), Synop. Nav. 
Diat. 2: p: 89 (1895); Boyer, Synop. N. Amer. Diat. 2: p. 446 (1927) ; Hustedt, 
Kieselalg. 1: p. 37, fig. 32 (1930) & Bacill. p. 331, fig. 614 (1930); Mills, Index Diat. 
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p. 1291 (1934); Skvortzov, M. S. Kyoto Imp. Univ. Ser. B, 12: p. 147, pl. 4, fig. 6 
(1937). 

Syn. Navicula major, V. Heurck, Synop. Diat. Belg. p. 75, pl.5, figs. 3,420,830-1). 

L.MS. Valves linear, with gibbous middle and round, sometimes slightly gib- 
bous ends; 173 (140-300) w long and 24 (22-40) broad. Axial area broad, but 
usually less than one-third the breadth of the valve, widened unequally in the middle. 
Raphe somewhat broad, central pores turned in the same direction. Striae about 
7-8 (5-8) in 10», slightly radiate in the middle and convergent at the ends. Striae 
crossed by a longitudinal band (electron-microscopically, the row of the inner openings 
of Joculi). (PI. Il, fig. la) 

Fine structure. In the frustule of Pinmnularia major, Lauterborn (1893) found 
light-microscopically the transverse loculi, and he presented a diagram of a transapical 
section of the frustule. His description on the locular structure of this species can 
be summarized as follows: “Pinnularia major has transverse loculi at the inside of 
the valve, extending transversely from the outer margin of the axial area to the 
mantle. The loculus is closed by an outer homogenous, non-porous membrane, and 
half-closed by an inner membrane with a central opening. Fy this opening, the 
loculus communicates with the cell cavity.’ Hustedt (1935) studied light-microsco- 
pically the “ Langslinien ” seen commonly in valves of several genera, Pinnularia, 
Caloneis, Gomphopleura, etc. On the longitudinal line of Pimnularia, he noted as 
follows: “ Kontrollbeobachtungen bei beliebig herausgegriffenen Pinnularia beweisen, 
dass das optische Verhalten von Kammern und Bandern grundsdtzlich das gleiche 
bleibt, dh. bei allen Pinnularien bezeichnen die Langslinien die Grenzlinien der 
inneren Kammeroffnungen.—Eine Untersuchungen der Aussenwand der Rinnen oder 
Kammern Jasst auch bei Anwendung von Medien mit hohem Brechungsexponenten 
und starksten apochromatischen Immersionen keinerlei Struktur erkennen, so dass 
die Membran, abgesehen von den inneren Kammern bzw. Rinnen, als strukturlos 
angesehen werden muss” (Hustedt, 1935, p. 6). He found such Pinnularia-type loculi 

also in some species of Caloneis, Gomphopleura and 

Cocconets. Further, in Caloneis musca and Gompho- 

CoD Gs) pleura nobilis, he found punctate and porous outer 
| : membranes respectively (Hustedt, 1. c., p. 24-26). 

| : : So far as I know, the electron-microscopical study 

f ame eS of Pinnularia frustules began in 1943. (According 

Ses) to Kolbe, the first electron micrograph of Pinnularia 

A B frustule was obtained already in 1940 by Borsch 


Text fig. 1. Outlines of the and Mahl?) Kolbe and Golz (1943) found under the 
frustule of Biddulphia Titiana. 
I, Valve view. II, Girdle 4 : 
Blew See Nie eoticas ae loculus of Pinnularia is finely porous. In Kolbe’s 


? 


RUcrotheca: electron micrograph of Pinnularia stomatophora 
(Kolbe, 1943. pl. 3, fig. 12) the outer porous sieve 


electron microscope that the outer membrane of the 
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Text fig. 2. Diagramatic representations of the fine structure of the loculus. A, Biddulphia 
Titiana. a, Loculus on the valve surface, with the linear rib, and b, with the trichotomous rib. 
c-e, Loculi on the mantle and the girdle, with various types of the bridge membrane. B, Pinnularia 
major. A-\, Viewed vertically from above. B-I, Viewed obliquely from above. II, Idealistic 
longitudinal section. bm, Bridge membrane. ch, Channel. im, Inner membrane. /, Loculus. 9, 
Opening of the inner membrane. om, Outer membrane. +7, Rib. scm, Secondary sieve membrane. 
sm, Sieve membrane (in fig. A, the primary Sieve membrane). spf, Sieve pore. sw, Side wall. 
tw, Transverse wall of the loculus. w, Wing. (Dotting is used in the figures, not for representing 
any fine structure, but for shadowing.) (Cf. Pls. I & IL) 


membrane is clearly displayed, but the inner membrane is invisible, probably because 
of the absence of the inner membrane or because of the great breadth of the opening 
of the inner membrane. (Light-microscopically the longitudinal band is absent in 
this species.) Further, he presented an electron micrograph of Caloneis amphisbaena 
with the distinct Pinnularia-type2 loculus (Kolbe, 1. c., pl. 4, figs. 14, 14a). 

The present writer (1949-53) studied several fossil Pénnularia species» under the 
electron microscope, and found that the outer membrane of the loculus of these 
species commonly had small round sieve pores arranged in transverse and oblique 
rows (Okuno, Bot. Mag. Tokyo 63: 35 (1950)}. In my present research on the living 
form of Pinnularia major (Loc. Mt. Yabari Hokkaido. Aug. 30, 1951. Collected by 
Y. Hiroe), both of the outer and inner membranes of the loculi were clearly revealed 
(PI. Il, figs. 1b, c). (For the electron microscopy, the cells were at first burnt in a 
crucible on a 500W heater, and then the burnt valves were made into direct pre- 
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parations.) The diagram of the loculi is shown in Text fig. 2-B. The electron- 
microscopic structures of the loculus shown in the text figure are as follows: The 
outer membrane (om) or the sieve membrane (sz) of the transverse loculus (2) is 
very thin, somewhat penetrable to the electron beam, and finely porous with many 
small round sieve pores (sp). The sieve pores about 100m in diameter, and are 
found about 30 in 1y?, arranged in transverse and oblique rows. Transverse rows 
of sieve pores are seen 5, occasionally 6, between two adjacent transverse walls (fw) 
of the loculi. According to my research, the number of the transverse rows of sieve 
pores seen between two adjacent transverse walls is somewhat characteristic to the 
species. Of several species, the numbers of rows are shown in the foot note®. In 
the electron micrograph in PI. II, figs. 1b, c, the sieve pores near the axial area are 
seen faintly screened by the inner membrane, and at the corner of the valve, the 
pores are invisible in spite of their probable presence. This invisibility of the sieve 
pores at the corner may be due to the either of the following presumptive reasons: 

1. At the corner of the valve, the inner membrane may be thicker than near 
the axial area, and prevents the penetration of the electron beam. 2. At the corner, 
the valve falls off to the mantle of considerable height, and the thickness of the 
valve at the corner by addition of the height of the mantle, becomes conspicuously 
greater than at the valve surface, and this thickness at the corner may prevent the 
electron penetration. 

The inner membrane (777) of the loculus is very thin, with a linear-elliptic 
opening (0) of 1.5-3 (usually 2.5) ~ in breadth, about one-eighth the breadth of the 
valve. The transverse walls of the loculi are somewhat robust, electron optically 
about 0.5 broad, and project only inwards to join the inner membranes. The outer 
membrane of the loculus is delicate, and in fossil forms, it is sometimes more or 
less damaged by weathering. In diatomaceous earth from Rutaka, Saghalien, I 
found Pinnularia macilenta with somewhat damaged outer sieve membranes (PI. II, 
fig. 2), and P. acrosphaeria, P. lata in which the outer membranes are completely 
broken off (PI. II, figs. 3, 4) (The fine bar-like substances seen between the trans- 
verse walls in fig. 4 are probably some impurity.) I also found distinct Pinnularia- 
type sieve membranes in living forms of Caloneis permagna var. elongata, Navicula 
elegans and N. yarrensis (Okuno, Bot. Mag. Tokyo 63: 102, 103, pl. 4, figs. 1/, 4’, 5/ 
(1950)}. In these fossil and living specimens, the inner membrane of the loculus could 
not be revealed under the electron microscope. According to my study, the frustule 
pores of Navicula are usually not locular, and the so-called stria of this genus con- 


sists of a row of holes. Thus the presence of Pinnularia-type loculi in Navicula 


3) Pinnularia divergens var.? (2-4), P. gentilis (5-6), P. gibba & f. subundulata (3-5), P. 
microstauron var. ambigua (2-4), P. nobilis (4-5). (The figures in parentheses show the number 
of transverse rows of sieve pores seen between the two adjacent transverse walls of the loculi.) 

4) Hole: The frustule pore, not locular and opened freely or closed by a sheet of membrane. 
The hole is to be understood in contrast with the loculus. 

5) Okuno. Bot. Mag. Tokyo 66: 123, pl. I, fig. 17. (1953) 
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Fig. la-d, Biddulphia Titiana. 1a, b, Valve. 1c, d, Mantle (m) and girdle (g). 2a-c, Ethm- 
odiscus sp. 2a, Girdle view. 2b, c, Portions of intercalary bands. (la, c, 2a, Light micrographs. 
Scales: 10v. 1b, d, 2b, c, Electron micrographs. Scales: 1 v..) 

H. Okuno: Fine structure of diatom frustules 
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elegans and N. yarrensis is exceptional and noteworthy. The presence of Pinnularia- 


type loculi in these Navicula and Calonets Species distinctly shows the close affinity 
of three genera, Caloneis, Navicula and Pinnularia. 
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HSER ORT eLERNCPET ZACH C BOT AS PASE OPES OE 
(FECES. FACES BBBRLES. 
Summary 


The process of salting out of protein in the agaragar column was observed using 
turbidimetry, the column which had contained protein homogeneously being put in 
the water bath in which a concentration gradient of ammonium sulfate was estab- 
lished by diffusion (Fig. 1-1). 

The distribution of turbidity along the column changed with time from P to P», 
and eventually to P3, which represents the formation of coagulation bands (Fig. 1-2, 
i, ii and v). These bands correspond to the number of kinds of protein which had 
been mixed in the agaragar column. The number can be also by the curve obtained 
by differentiating the curve P; (Fig. 1-2, iv and v). 

Some experiments, quantitative titration of protein solution by ammonium sulfate — 
solution etc. (Fig.3~9), were made in order to confirm the conclusion and to explain 
the phenomena. But adequate explanation for the formation of coagulation bands 
awaits further studies. 

The coagulation band formation can be conveniently used for determining the 
number of components in a protein mixture. The author has tried to analyse the 
protein fraction from the seeds of Brassica species (Fig. 2). The method may be 
called the agarography. 

The coagulation bands obtained are preservable, at least for months. 
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Yukio HUZIWARA: Karyotype Analysis in Aster II** 
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A, pseudo-Asa-Grayi Makino AY at? 
Alpigenia fi 
A. dubius subsp. glabratus Kitamura et 
Hara 8 V7 7Y32AXZ 
Tripolium § 
A. Tripolium L. VY 7X7 
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1. vay A. tataricus L. 2n=54 KER (Fig. 
1, Table I) 
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Figs. 1-6. Aster EB 4 fHis LU 2 WROD AIG x 1500. 
Fig. 1. A. tataricus. Fig. 2. A. ageratoides subsp. angustifolius. Fig. 3. A. spathulifolius. 
Fig. 4. A. pseudo-Asa-Grayi. Fig. 5. A. dubius subsp. glabratus. Fig. 6. A. Tripolium. 
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K(2n)=18=2A°" + 2B" +6C™ +2D°" +4 + 2¢sF" 
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Table VL YF 7ICEAZREKORE OME (0=124) 
eit aoe aig We ey eh aoe eet | 9, 10/11, 12| 13, 14| 15, 16] 17, 18 
Grp 50 "| 45 |e 40 ae 40 | 35 | 35 | 35 | 20-420 
‘Be 45 40 40 40 40 30 20 20 15 
ah 95 85 80 80 80 65 55 55 45 
is wh me | sm sm | m m m sm sm sm sm 
IKDYEFNEHLD Aster -GHEIKILDB< D Aster 
a # LIS < ROKBMICEATSA, WEA c 
S(G/G@28 U7: HAH Euaster ffi 2 MMss kU BOPP RTC LIRMERD DS. SVT 
Pseudocalimeris #fi 2 f#lCis\oc 4 L2E RAK EIB CIM ORERAZ OS CILEO 
Dh Sie, LE WLIO LP TBRER fiORtT% Alpigenia ARHOECHIELER 
MTD LOCZORE 8 LBLADTFHESFO CGhOCLERTEDLHDNSG. VIF7EB 
AS CRIES LLU CHS, BUOKE WCE ARORA ED median 3E< BAA 
FICIIFOCOXLS PARED Aster #LOCWSb, COMORTS Tripolium (x 
KB ABOBILICMO CRO 4LOL#EZ Bb BHO ECL EM CHS C€DdDSo 
So POMEL CHIC MB MAOR SICBYLOMSS BRIE D PAGS Re TEV TE FERRARO IES 
& (2H£IC Delaunay ’3) Hollingshead Babcock), SAS LOGBRE FS ORAGN SAIC LEB LIF 
EI LOCHSESNTCW]S, 40 MHeBSFShrRE AY Marburg fais 
YAVICIBW CIE LAE WfRZS 2 WBwb LUREKCBAT SORGABASRAR, HARA 
n, PHpoEcCHH6eeLHer ons. =P PATA Sie OWA ERIC RY LIRHO RRS 
v¥¥vavrx7l(x LE Beas 1 LA <, 
AY ARFOZRO LE Weakiso Pe" tw & *) 
Bet o4p6VHroAcvPnsb BAAS 1. sayvx¥7R (Aster) 4 kU 2 
f2CHS_ Alpigenia FIDI vy~7T YF FIL OV CHARA Like 
U Tripolium GIDYF#7CHsi.clk LAE HB 2. Alpigenia, Tripolium THO Aster (xze 
BARDS, ARB Aster OfFO L(t eet jc L2E 4fafke KX Euaster, Teretiachenium 
DIRAWICBROCW So IVT IY TF IORES 33 LU Pseudocalimeris © 3 Sit (RAMICE 
REAL CNY CREMMORSORD<, 7 ShPHE RT o 
ARs subterminal OLOBAWOCSW., Y 3. BHlaoACYAVItRA 6 ECHO, 
FD OFT LS AI CSAIL median WVPY AYFIBLUAY 2A RE ASS 
D¥ERCLMBDC median IFW MICHA, & ChAo 
Vo7Y2HE7F(LSUWHCS)O, Vorx*r7lrb 
Summary 


1. The karyotypes of 4 species and 2 subspecies of Aster are reported. 
2. The karyotype formulae are as follows; 


Aster tataricus L. 


A(2n)=54=2°A™ 4+2°Bi™ + 2B3'-+2B3™+4 LOB” + 4CF™@+4C3"+4 20M 


+ 2Di‘ + 4D9" + 6D8"-+4E§™ 4 2EM + 6FS™ 4 2G 
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A. ageratoides subsp. angustifolius Kitamura 

K(2n)=36=25A™ + 2B5™-+ 2C8™+4D™ + 9ES™ 4 4R™M4 9Gsm + 2H +8" --6)*? --2K™ 
A. spathulifolius Maxim. 

K(2n)=18=2°A™ + 2By'+ 2B7+8C"4 2D9"4 2pm 

A. pseudo-Asa-Grayi Makino 

K(2n)=36= 2° Ap" +2,sA3™ + 2By' +2B5™ + 2C§*+ 6C3™ + 2DF"-+ BD}™ + 4Ee™" + 4EN + OE 
A. dubius subsp. glabratus Kitamura et Hara 

K(2n)=18=2A*-+ 2B§*+ 2B$"-+ 2C* + 2Dt+4 4ES™ + OEM ORs 
A. Tripolium L. 
K(n)=18=2A5"+2B™ + 6C™ + 2D™™ + 4ES™--2..F8™ 
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Mikisaburo HIROE and Shumpei INOH: 


Cytological Studies on the Fucaceous Plants IV 


On the Mitotic Division in the Antheridium of Sargassum Horneri (TURN.) AG. 
(Preliminary note) 
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Sargassum Horneri (TURN.) AG. FA 
(kh, COFR, FICPPFEL ALTAPHE OSES, ft 
PISA c (LATER OBO, HERERO, 7 — 
PABORY £U FBAMO—-ABCh 0. HRA 
i - HRB HOPOR TK, SbDoMcKh< KR 
FELTW 4. AMI, SHHOMAH MH, % 
DREMYIAUE bILPV4 DD—-DCHYO, Fi, 
2A PRC, BCL OAR BAAS S. KHAO 
ist PEORRIC OVW ct, BRR (1948), HR 
(1940 a,b) 2LUs#HF (1930, ’36) 23, Hx BID 
WHP»6 TOMER TAL CUOOAA, TOMES 
AOW LAUMKOBMEDOCh, PKI Ls O 
DGB ESNCWOZ. CHOORRDS, RAH 
MOmMiIgFevwtet, 7-7 ~ABHAMHOARS 
FNRDIELD, BETO tL ODFRCHA5 LBX 
BHO, ClK, AMMoOMasNoRFE 
BUYS AIC BAT SRA ME TOO ke 
So BHYVIC, KOHALA LHR LS 
LOCHACLEMUAL, MRHHIC, BOR 
MMO RRFET Do 


BHEDA i 
FRED, COAMAHEDS, REED IL 2 
~3cm, HEED S (i 5~6cm OSES, I 
OBRMABMEIC DE OCHHn, 2 APD 5 
APMC c ON 3 7 Aa Sab CO AA 
CbhROCW SRE, 7-7ARHE, BRO 


1) MUSES EEE ART EIR 
28 No. 9 

2) MEAS FEE ILA OP BREE 
ey 407084 


{EtAZEDSAS > Sargassum piluliferum C. AG. 
VzFRVSFLHC, COPMOPRCIERBLE 
MEHO--OCHS— BCA, 1 SeseFeR 
DUDS <, FRAY <, -O OK D 6 fh 
x OBA BWADESNSKE, BBIKS < OF! 
MROTWIS, CCE, 1953 4 4-11 B 
I, HABE ELH © AS Es CHEER TAB E 1954 4 
2H 2 AK, AMS ROMA CRELKEME 
ERICH OK. REBEOMAICOW CE, bil 
MEH C 5~6 ERIE L, 8774 YO 
YERKEC, oA Fy otv RRB hay y 
YCHAL, BLICKAMEOBBe TOR. He 
AEHEOMRITOV CIE, 1 HO KCl Ae 
ic 1~3 BRAN LR ERSHEO MA, DX 
VFFADPFCSLOELED 6b, Feb - Ane 
AY CHA LCHE LK. COMSIL, Fiehsae 
(LOANS CLES, KAREOBBICIA 
SCHR, MFTVMOWME ME c, BOAR 
CXL AZHAE-RO RIND 2745 ICIS, AERO BV 
TERDE SAK 


Ca ES 


PPB OARIC LORMBHRIIRO Loe 
Do WteaeAlCls, 460, ASGEL, MAK 
DERE RBORMMELDS BbNZ (Fig. Do © 

&, RRC, COPEBITS HHT 
YIFYAICIL, BRRILTORVIAL, HR 
loops ®O<¢ OCHIRAO—-MICMTET 0 CO 
RIC, TEC REORARESS, CICELY 
S CPR, EON, Fl CWDS 
biN4 (Fig. 2). BEARS, LD BARAK EE 
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LCS RRR2, HEEB, MORON IC Is 
WS SEROUS CIRIC, Fh ZESHSRR pO 
Ko FAT HRY AMICIL, M2 ORo 2 tem 
RD, BRPNIC IK < BE LCR DAL (Fig. 3), 
Feet, COBMMICIReslho® OFELT 
4. Fig. 4 (2, 74 TH RY AMOMEN SDE 
0, 320 2 fIREBAAL, Et, BRD bir 
Ro PRAMOPMMCt, LIER L TVS, 


PARILIBRU CRM OV, URC, 32 OH _ 


RAAB bSirt: (Fig. 5), Gece, £ 
SBR Mo ONS, BABI LIC BEI 
L, MMB Ct 32 OHARA» ON, BH 
tC (LPGBEAD PRRIC 2 5 LA ADD IL 
w CFigs. 6, 7). FREE DBKRHORILRD 
SU EBEPRE POR, BPA elt, Bo 
SP ERD AH CAT BO PICHIA EBD SS 
tore (Figs. 8,11), EBC OBoniy 
t= PAO AL PPO BIC IT, 32 Hii 
D, ®) 30 ORAS MBHSo LAS Hr 
(Figs. 8, 9, 10), Fig. 12 (t, BAGBonHoO 
ReART. COWBSA—-ORBBBAK, 32 of 
DRDO SND, 64 DO HRT ARS 
SDRAM KRDOK 

KRivG, FeboAr ety CHALLHBE 
RILKO LO CHD HRbMITIt, EK LHABK 
Dfsiel Ne, ICL Uk, fz )HoREay 
2, #9) 30% DHE CRY Shrizz (Fig. 13), v 
FAY AMOBARA, PRR OAKC LOR 
BSrSe< Acc, BCECWURDHORAMA: 
2B brie. Figs. 15, 16 (kf -DBoORL Ee 
WOMMAGch 0, FBOMMIC, WCW Lr 
HUI MAASBD bIrico MP ROBKIC LORY 
(i, B=PBAOGMIALH ADB Nido 
2D, COMBS, ADI, HAKO MMA tne 
MmAT LEDHser CFig. 17), Fig. 18 (t+, A 
—OMGAIL, 64 DieeeyATeAe SN 7K 
RAT Fig. 19 (t, FEM UC, BEE O 
FADIA EC, AMIC17ORFeALcw 
2 Bus dt DUK AT o 
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BRK 

BB, WW toy Ae ey rx 
RY AMORA TED Ar, PIGRIT, 4B HII z, 
32 Rit 282, iM 30 OMAK HM AoBHEOLE 
D6, WARPERAIL, BICB—OBNC WC Hb, 
“PRCA CEFAIK 32, SBOE IAIL 64°C SLR 
BirSo CORGRIL, MIABEE (1929, 30) , fratit 
HD WIN As & SIC 3s 3 Z AEH L, 
BEER (1928) OAL fa PK 16, SBA fk 32 © 
Pe CTS, HDAC OV Clik, bid dte ets 
D ORBEA LARRORG Db, TOFFEE 
LPM SWEAD, CLE EK, MMO MBER 
&— Bi LEBUR OHH LILAAD, thts, H—57B 
OPuk ove ry zAMcaFO, COA, 
OL (WRAY SHEDS, TOFS, BM 
MIROARGHDICSH, Feb pre {yA 
DAE CERIN It bohk, Chit, ZOE AR 
HORA VED. 6, Vd 4, ‘chromophilous 
spherule’ G45 tB% 56ND. KC, AB 
DOWPRICELASNSL 5K, B-PMICBVT, % 
PU AMORA MDS oO EMH KIBO, 2 
Aik, ACU AWS < BIB SN SKMD, KRY 
ZR AYO D7.) D HOVE OR PIC in A S 
b$DEBXL56NSZ. COMMOMML, WANE 
DPFRICEBSIN, BHVIC, RMAC 
BLS AS WEEKS, 64 HA So LM <, AR, 
FEFORIA(L, GAO TRO ABA eis 5 Te 
ai, bids? tis > OM BRD be LDN 
Ro CORPRIZERIRO HBR LS ¢ MLC 
WS_ DEORE 5b, AV AWA S 
NEBR ERR TI, F AE AITEOSS 
DAI—-7ARM, PIZIX, Pucus evanescens 
EX YI 2x (FR, 1935), Pelvetia Wrightti 
=A (FEE, 1935), Coccophora Langsdor- 
fi ~*~ 7 (FAIR, 1929), Hizikia fusiformis t« 
Y* (SEEF-KIL), Sargassum confusum 77 Az 
Yey (fief, 1933), Sargassum piluliferum =z 
P29 F (SEIKI), Cystophillum sisymbroides 
Yaw €7 CPebK, 1928) EC HMPA UR 

DAD Cd S LMT So EDHPKS. 


Summary 


1. In the antheridium of Sargassum Horneri, the nuclear divisions are repeated 


six times, resulting in 64 spermatozoids. 
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2. This plant has 32 chromosomes in the haploid phase. 
3. This plant has centrosome-like bodies at the both poles of the spindle. 
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a) RAFI ROY XH b) = Kae, HEA, 
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a1 CHAM 27 ESE 1949~50 4E O55, 
186 AH) RUE 2 (WEIEAT SC 1951 EOFS, 
175 A) (LAA PEE CHE 5 EWE CIR D 
DRAB, RSD SAFUMMICHORD CIPBITE ¢ 
OR, MBH 4S (1953 OF) IRA TRE 
HEFT HA CREE % IZ, BE 5 (1954 AEDS) (RB 
PRRICTNENH SPEC, DEBBIE 
O57 2 TF LIBAN ERR TFS SPEC 
bOEW5 > SKE, OM, NAM YOM 
DBM Choo 
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Figs. 1-19. Nuclear divisions in the antheridium of Sargassum Horneri 

Figs. 1-12. The same stained by HEIDENHAIN’s iron-alum haematoxylin. Figs. 13-19. The 
same stained by aceto-orcein. 1) Resting stage, 2) Synapsis-stage, 3) Diakinesis-stage, 4) Later 
diakinesis-stage, 5) Earlier metaphase, 6) Metaphase, polar view, 7) Metaphase, side view, 8) The 
second nuclear division, metaphase, 9) The third unclear division, metaphase, 10) The fourth 
nuclear division, metaphase, 11) The fifth nuclear division, metaphase, 12) The sixth nuclear divi- 
sion, metaphase, 13) Resting stage, 14) Synapsis-stage, 15) Metaphase, side view, 16) Anaphase, 
17) The third nuclear division, metaphase, 18) 64 free nuclei in an antheridium, 19) Antheridium 


after liberation of spermatozoids. 2000. 
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Effects of Light upon the 


Germination of Spores of Ferns I 


The Relation of Daily Illuminating Period to Germination Rate 
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SSCA AGICY, BF OFFIC LET 
HORA —-HO ‘SOGEKE” HHRABD oh, 
FICS OSFOBS(2 “BAM” Mazak 
Ch) “RAE” OF Pithod bnipok 
CeeHa LK. MARL CHFSUAR, BR 
BORFERE 5 ZCREFORMIC LOCKH*E 
WORDS 0, THULORHARHOCH 
FB EE SEGEO CEI FF CLEA Str 
StLWOKAMEHEFO “BA” (AMCEL 
BGC CREO EFRER tT LOR “RAE t 
BELEDGChS0 to CHF CIES “GAtE” 
DIRT RIED CVD 

—Fiy FONIF ORF A SHAWECHSZOLE 
Db»), 42797 EONS CLO IFAM & da 
XN, SHESHT CREBFAE RTA “RA 
PE") GhOECLEeBOGK®?, 127 7ECH 
SHRED “RAE” fA Ay 7% OfdF OFF 
D—-KMWAR Ch SDRE4 PES ( OFPAICOW 
CHRLCRREEDC ORE CHS. 


ERA HIDE 
AL y ¢ OOF ORM A ey 2 CPR 
SAL, Oct. 53, Fi RMREE) vy ry 7, 4 
xy Kk (AMR, Oct. 53, ALWAIF) 744 77 


te@ee, Jan. ’54, AWA) 77 P47 7, a 


Vyy Kk, INFYH, 174 YY CA Oct. 
53, TRAL) ~2 (256, Nov. 53, FH 
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bA7AYE CBG 
Novy. ’53, Kis) vy v¥y + 4 CLL, May 54, 
PLARAF) © 15 fcGhor:, 

fdF-O & OF K, PREBLE DATED PAE CL 
(RAK) OMNCIRE ATH ARE L CBW REIT 
TERR Cheb, Meet CHE RES 
t IF PEED Eb CMOV IVS LAG ECF 
DAA. © Off e EE CH oRAMIC MAT 
Y FHEICERTET So SOF OFFA RIA FF, 
ty +4 SIC LOLS, BV4LOG 
b6AAML EAR OCE HACK. CeEDH 
icv, HITFPIRE 2~3 » AAICBRR 3s Xo 
FARITEIC EO HIE D MUTT IRL, FEF OBE & 
iA UChS, 2 tyvv—-v—-K 1% BRE 
(]AUC4atR, DREKBH) £242, AE 
DMREBELOMEKIFR ES, HOC PORT 
Y VER COA EB ICEROT o IRA ORRFOAT 
Da 2e BAY CSE RE FCs <0 CORR 
SHEER ARO AL, EVChb7 AROS 
SEBPE AT 1 fy YOU PIE < FR 
TORR CHO CHFBILIRO £5 CHY 
Lko ¥¥—-U-® 50 (7 CIR L, —tiErRIC 
HEC & Pee t FRE OLE REZ SHER, 
PUPA D2zTAMUL FICS CORRE Y DZ 
L, OFA 4LOCHFRE LR HIE L 
C 6OOW +» XBERE ES, FA vu 256 
Yi x OPEB Bic 10, 100, 1000 Lux #& 
D#z, 10000 Lux DANLHFOWASORFOABEE 
OMAN 200 W EER GE UA 
(BOI, FXCHBIL 23~25°C CAFO. Fh 
HORA 1953 4212 AIC, APRANICIX 1954 


Say ee, Sales of, 


7 yh ie OS ie ee 


sicnaie ti Kees TAC If 


ata ss 


Pe | 
ve 


; 


194 fi my HE im 


41 Amb 3 ARS cHifLR. (AL VY v 
BY+4, ~2, FPVDNFVITIIFOAFORMER 
GC 195442 5 Adb 6A LNCS CRiLKo 


Zz RR 


I. #06 (0 Lux) Cf BIR LA BEO HRT 
HORS & BLO BR: ALR Yy £O fa 
Fiz (M4 SB Clk SPARSE DA SAitDo 
ko 7£H ORAS SIAR 4 OF EFSF BA a 
CTO CEH < 9 MiiwI077 7 FE BIC LET DICE 
PARRY 2 ORB LOCK 4 LVF 
DBASENK, MAIE7IAFY, AY KCL 
HEL OPO TCH CIe BV FEFBDZLSHS} 
Bs, FIVPVYK, AVVK, AVY y KZ 
6 Weal G(LA RSE ES 15 FIDL E ORV HR 
LOCH SEERA 2 ND. RUMBA EKG 
SS OPMICOW CHAS LISI CREO 
MCh SecA “RAM” c 
boc E CHS (Fig. 1), CORRAL 
IC ENGI IS ALLE OLIN Al OSE NN AI NESS) 8 
VTYR, ARVAFESLTAC “RAM” 
BGsaDieo 
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Fig. 1 
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Day-length hr. 
Fig. 2 


Figs. 1 and 2. 

Relation of the length of light period in 
24-hr. cycle under the intensity of 10 Lux 
to the germination rates of spores of 
ferns. 

A 2A*y x Spicantopsis amabilis Nakai 

B 77Z0x7 Physematium manchuriense 
Nakai 

C yrFy xX Polystichum craspedosorum 
Diels 

D AVUYY ® Coptidipteris Wilfordii 
Nakai et Momose 

E t 747 Asplenium prolongatum 

Hooker 

AY» & Dryopteris crassirhizoma Nakai 

2\ FY Microsorium ensatum H. Ito 

eb YAS Pyrrosia lingua Farwell 

7*Y~ 77 Lepisorus Thunbergianus 

Ching 

J  ~= Cyathea boninsimensis Copeland 
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{RLY FOfIFAtAc “RAVE” GbhZt 
(RE WbHL<, As, 27eY IAF EWOOEZS 
SFCLOMGLSE SA, —ROMFOREOBIE 
Abii “Ate” Mises ale 
SRS IS ee ag ee 
Y ANC BM Lt em Le (Fig. 2). MR 
9, STRAW XL, trLl OBR 
ORE 2 SEIS S & SER OMR EL 7 LSEDEF Git 
BLS MEMS EK ONS, . 
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Se eee ee ee 
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July— Aug. 1954 


Germination percentage 


Day-length hr. 
Fig. 3. Germination rates of Dryopteris 
crassirhizoma under the different inten- 
sities shown by the various light periods 
in 24hr. cycle. 
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Il. “RAE” SAMA T4 O*X 100, 1000, 
10000 Lux GA fest lk Be Ds DAE: 
gat (10 Lux) ‘CHR LK “RAE” Box 
FAM RLE SOCOM, FRECHE RD 
FEZ OD HHPRDSEO E45 ICAMEP 42o-eiEUTCH 
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Fig. 4. Germination rates of Asplenium 
brolongatum under different intensities. 
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Fig. 5. Germination rates of Micro- 
sorium ensatum and Pyrrosia lingua under 
the different intensities. 
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Fig. 6. Germination rates of Cyathea 
boninsimensis under the diffent intensities. 
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Resume 


In the writer’s previous work”, it was reported that the spores of Athyrium 
niponicum showed evidently in their germination behaviors a typical character of 


“Long Day Plant”, presenting the highest rate under continuous exposure to light. 


Then, by using spores of 15 species of Japanese-grown ferns, the writers investi- 
gated whether the tendency of “Long Day Plant” observed in the germination of 


Athyrium spores applies, as a general tendency, to the germination behaviors of 


many other species of ferns. 


First, under small intensity of light (10 Lux), most of the experimented species 
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were confirmed to belong to a type of “Long Day Plant”. Namely, as illuminating 
duration was lengthened, germination percentages went up progressively and reached 
the highest figure under continuous exposure to light. (Fig. 1). 
Secondly, the spores having a tendency of “Long Day Plant” were exposed to 
higher intensity of light (100 and 1000 Lux). As a result, the following three 
tendencies were recognized in their germination behaviors. 
(1). Many species represented by Dryopteris showed a tendency that the 
higher germination percentage was obtained by a low intensity to light 
(10 lux) than by larger intensities (100 Lux and 1000 Lux). (Fig. 3). 

(2). In Spicantopsis and Asplentum, the germination behaviors were not 
atfected by light intensity, but promoted exclusively by the length of 
illuminating period. (Fig. 4). 


(3). In Pyrrosia, the germination behavior was the reverse to the tendency of 


Dyryopteris. 
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Concerning the Myrsinaceae (“Ardisiaceae”) of Japan III 
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3. Critical species of Bladhia or Ardisia: ‘ 

(a) Bladhia japonica Hornstedt, the type species of the genus, is treated by 
Nakai, pp. 31-42 as B. japonica Thunb. He establishes the three new Varieties, 
typica”, major and minor, and one previously described by him, var. angusta. 
These new varieties are briefly described in Latin, but no type specimens are 
mentioned for any of the 4 varieties and I was unable to select from the 8 specimens 
of var. major, 3 of var. minor, and 8 of var. angusta in the herbarium of the 
University of Tokyo any which had special claims to be considered as types. Nakai 
states that var. minor occurs in China, but I found no specimens from there in the 
Tokyo herbaria visited in 1953. These varieties seem to intergrade. Under var. 
typica are 23 forms, under var. major are 8 forms, and under var. angusta 11 forms, 
all new except two. They are given formal Latin descriptions. Probably these 
varieties are generally recognizable entities, but should be named Ardisia japonica var. 
japonica, A. japonica var. major (Nakai) Walker comb. nov., A. japonica var. minor 
(Nakai) Walker comb. nov., and A. japonica var. angusta (Nakai) Makino & Nemoto. 

Nakai refers in his introduction, p. 1, to the extensive cultivation and advanced 
knowledge of Japanese plants at the time when Thunberg gave the first major 
impetus to the scientific study of that flora by the publication of his Flora Japonica 
in 1784 (27). This advanced knowledge of Japanese plants was the subject of a 
paper by Siebold (23). Bladhia japonica was in vogue as a cultivated plant at that 
time, being at its height of popularity about the Kansei period (1789 to 1801). 
Hence, many variants had been found or developed and several works had been 
published illustrating them. Nakai has here given scientific recognition to these 
horticultural entities by assigning to them scientific names and taxonomic status. 
He has done the same for several other cultivated species. However, in his introduc- 


tion he acknowledged that the cultivation of these plants has greatly waned and 
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7) In this connection may be mentioned the new ruling in Article 35 of the International Code 
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that many of the older entities are no longer in existence. The types of these new 
taxa are illustrations in these older works, rather than specimens, a substitution 
which is permitted according to Article 18 of the International Rules of 1934 (1) 
and Article 20, Note 2, in the International Code of 1952 (8). The establishment of 
international rules to govern the naming of cultivated plants has been given much 
attention at nearly every international botanical congress. The rules devised were 
expressed in general terms in 1947 (4, Art. 35 and appendix VII). At the Congress 
in Stockholm in 1950, the rules were considerably revised and the subject referred 
to a special committee for further consideration and recommendation. A provisional 
version of a new code appeared in 1952 (8, Appendix III), and a final Code in 1953 (26). 

Although Nakai’s procedure was technically in accordance with the rules which 
were in effect at the time he wrote®’, one is inclined to doubt if any very useful 
objective has been attained or valuable addition to scientific knowledge has been 
made by giving names and taxonomic recognition to these entities which are probably 
all or mostly of horticultural origin. At least there seems to be no value in giving 
names to those which no longer exist, even though their former existence is attested 
to by preservation of illustrations. Furthermore, it is now contrary to the new 
International Code of Nomenclature for Cultivated Plants (26), which requires the 
naming of plants which arise through cultivation and breeding in accordance with 
different rules than those which govern the naming of noncultivated plants. This 
Code at the present time is tentative. It will be presented at the International 
Botanical Congress scheduled for Paris in 1954. 

(b) Bladhia sciophila (Suzuki-Tokio) Nakai (p. 42): An isotype in Tokyo, 
Suzuki-Tokio 15040 collected in Formosa in 1936, shows this to be the same as Arvdisia 
maclurei Merr. I have compared a fragment of Suzuki-Tokio’s specimen in Tokyo 
with an isotype of Merrill’s species in the National Arboretum Herbarium (now 
transferred to the U.S. National Herbarium) and find no significant differences. 
‘There seem, however, to be somewhat significant variations in the shapes of the 
sepals of some of the specimens now available for reexamination. 

(c and d) Bladhia montana (Miq.) Nakai (p. 43) and Bladhia villosa Thunb. 
(p. 45): The first of these was originally described from Mt. Fuji by Miquel as a 
variety of Ardisia japonica (Hornst.) Blume and a Pierot specimen was cited. It 


8) The Japan Society of Plant Taxonomists has resolved that certain selected floras and other 
works of an ephemeral nature and of restricted distribution are unacceptable as a basis of taxonomic 
nomenclature and the new names published there are invalid (2). They consider this is necessary 
in order to mzke possible international work cn Japanese botany, because these local works are 
not available abroad and many are difficult to obtain even in Japan. These early Japanese horti- 
cultural works, which now Nakai has made the basis of new taxa, are equally or more inaccessible 
to western botanists and doubtless also to most Japanese workers. Perhaps all should be considered 


together. However, at the present time there is no provision in the International Code for the 
outlawing of these works. 
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was considered as intermediate between A. japonica and A. pusilla», This inter- 
mediate status was further amplified by Nakai (15, rev. ed. pp. 280-281 and 16, p. 
41) with the added observation that “Bladhia montana (Sieb.)!© Nakai never grows 
in the vicinity of B. villosa.’ In my revision Ardisia japonica var. montana Miq. 
was discussed as uncertain (29, p. 148), as I had not seen any authentic specimens. 
I have now examined at least three specimens seen by Nakai in the University of 
Tokyo herbarium. 

The following extract and translation from Nakai’s key (18, pp. 30-31) shows 
his separation of these three species (translation by Hara): 

Stems glabrous or densely hairy with short glandular hairs composed of J-3 

cells; pedicels densely hairy with unicellular glandular hairs... B. japonica 

Stems at least hairy in the upper part with long spreading multicellular hairs. 

Leafy stems ascending or upright; leaves papillose, shining above and hairy 

only on the midrib; pedicels sparsely long hairy ..................B. montana 

Leafy stems often procumbent; leaves soft and slightly shiny; inflorescences 
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The characters used could not be shown in his excellent drawing, p. 44. Nakai’s 

drawing does not give a very clear concept of sepal shape, which is important in my 

differentiation, but his description gives those of B. montana as lanceolate and pointed 

or also broadly ovate-lanceolate. The lanceolate pointed sepals suggest those of B. 

villosa (=A. pusilla) and the ovate-lanceolate ones suggest B. japonica (=A. japonica). 

This intermediate status is confirmed by examination of available specimens. It 

suggests that B. montana (Miq.) Nakai (=A. montana (Miq.) Sieb.) is a hybrid, a 

fact which might well be studied by both experimentation and observation. The 

correctness of Nakai’s statement that these species do not grow together has been 

doubted. The leaves of A. montana are larger than those of either A. japonica or 
A. pusilla, which also suggests possible hybrid vigor. 

In addition to B. villosa Thunb., Nakai describes the new var. tyfica Nakai, 
establishes var. reptans (Merr.) Nakai, based on Ardisia reptans Merr. of the Philip- 
pines (to which he refers six forms based on illustrations in older Japanese works), 
and describes var. liukiuensis Nakai. In 19401 placed A. reptans Merr. as a synonym 
of A. pusilla (i.e. B, villosa Thunb.) after examining an isotype. Nakai gives no 
indication that he has examined Merrill’s type. I have examined his material in 
Tokyo and find that it has larger leaves than does Merrill’s type. His description 
and key designate only a larger plant with larger leaves. However, these distinctions 
also apply to his var. liukiuensis, although that has slightly more blunt leaves. 

Bladhia villosa var. linukiuensis Nakai was first proposed in 1922 (15) without 


9) Bladhia villosa when placed in Ardisia must be Ardisia pusilla A. DC. See my revision (29, 


m1S2)): Pash 
16) This should have been Miquel, as “Ardisia montana Sieb. appeared merely as a synonym 


under the original description by Miquel of A. japonica var. montana Miq. 
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description or specimen, but was described in 1924 (16), still without mention of a 
specimen. Nor does he refer to specimens in his 1943 treatment (18). Because I 
gave extra attention to collecting Myrsinaceae in Okinawa and the southern Ryukyus 
in 1951, I have 14 specimens from that region which generally agree with the Latin 
characterization of var. liukiuensis proposed by Nakai in 1943, p. 49. Duplicates of 
some of these will be deposited in the herbarium of the University of Tokyo, where 
they can be readily compared with specimens studied by Nakai. It should be 
noted that Nakai’s original description in 1924 is distinctly at variance with that of 
1943. Comparison of these specimens from the Ryukyus with available specimens of 
A. pusilla (=B. villosa) from Japan proper, including a photograph of Thunberg’s 
type in Uppsala, Sweden, reveals rather marked differences in leaf size, shape, and 
margin. Those from the Ryukyus have more and sharper teeth, these subapiculate. 
They differ from A. montana in having more rounded leaf bases and broader apices. 
The blades are larger, as noted in Nakai’s key and description (18, pp. 41 and 49). 

In conclusion I think Bladhia montana (Miq.) Nakai should be further inves- 
tigated as a possible hybrid, temporarily under the name Ardisia montana (Miq.) 
Walker, n. comb. (Ardisia japonica var. montana Miq., Ann. Mus. Bot. Lugd. Bat. 
2: 263. 1866). Bladhia villosa Thunb. is Ardisia pusilla A. DC. B. villosa var. typica 
is Ardisia pusilla A. DC. var. pusilla, in accordance with the latest rules (8). I am 
not certain about the identity of B. villosa var. reptans (Merr.) Nakai, but doubt 
the correctness of using Merrill’s name. B. villosa var. liukiuensis is distinct and 
should be called Ardisia pusilla var. linkiuensis (Nakai) Okuyama (see Journ. Jap. 
Bot. 15: 5€5. 1939). It seems also to occur in Formosa and is hardly distinguishable 
from specimens from China which have been referred to Ardisia pusilla A. DC. 

(e) Bladhia chinensis (Benth.) Nakai (p. 51): With this species is presented 
B. chinensis var. minor Nakai, technically described as new in a footnote and illus- 
trated in “Tabula nostra 7k.”. In the herbarium of the University of Tokyo are 6 
specimens, of which one, collected by B. Hayata, May 14, 1916, at Urai, Formosa, 
answers the description and is the one from which the illustration was drawn. It 
is therefore here designated as lectotype. It bears in English the additional informa- 
tion “very small creepy shrub. Fl. white, leaves pale green, dull above.” This 
scpeimen does indeed conform with Nakai’s description “Planta ex omnibus partibus 
minor,” but so do some other specimens from adjacent China which are mounted on 
the same sheets with normal sized specimens, all as one collection. Thus, I do not think 
these depauperate specimens represent a valid variety and B. chinensis var. minor 
Nakai is better considered as a synonym of Ardisia chinensis Benth., at least until 
field studies establish additional criteria for its recognition. : 

(f{) Bladhia cornudentata (Mez) Nakai, ( p. 54): This species, B. stenosepala 
(Hay.) Nakai, (p. 55) and B. morrisonensis (Hay.) Nakai, (p.55) are all apparently 
closely related. A careful study of the various treatments by Mez, Hayata, Nakai, 


and myself reveal much confusion. Each successive one, however, clarifies some 
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points in the preceding. Nakai has apparently clarified some of my uncertainties, 
but leaves some doubts. He himself has referred Ardisia remotiserrata Hayata, of 
which I was uncertain, to Bladhia cornudentata (Mez) Nakai, an allocation which 
is confirmed by examination of the type in the herbarium of the University of Tokyo. 
It appears now that the leaves of some specimens of this species are frequently 
much less prominently serrate than are those of the type (29, p. 85, jig. 13). 

(g) Bladhia stenosepala (Hay.) Nakai, which was an uncertain species to me, 
is recognized as a distinct species by Nakai, apparently being readily recognized by 
its similarity to B. cornudentata, but with very distinctly narrower and acute sepals. 
The type in the University of Tokyo herbarium, B. Hayata, from “Mt. Arisan: 
Funkiko, Jan. 1912” has been annotated as follows: “Ex Bladhia cornudentata quae 
affinis foliis juventate subtus dense papillosis, sepalis non imbricatis angustioribus 
optime dignoscenda (T. Nakai)”. With this is an envelope containing a flowering 
fragment labeled: “B. stenosepala Bunkiko 1500m. Faurie 337. Maio 1914.” It is 
probably a fragment from a Kyoto University herbarium specimen. I have reexa- 
mined the Arnold Arboretum specimen of Faurie 337 and now consider this as 
Ardisia stenosepala Hayata. (See my Revision (29) p. 154). This species is now 
represented by the type in Tokyo, Faurie 337 at the Arnold Arboretum and a frag- 
fragment in Tokyo, and Kanehira and Sasaki (Herb. Gov’t. Formosa 223) at the 
University of California with a photograph and fragment in Washington. An addi- 
tional specimen filed with the type in Tokyo is Hayata, April 8, 1916, from Keitao, 
6000 ft. It has very short inflorescences and some leaf differences, but more material 
is needed to fully clarify this species. 

(h) Bladhia morrisonensts (Hay.) Nakai was described from S. Nagasawall 671, 
Oct, 30, 1905, the type, and other specimens (see 29, p. 84). These have been ex- 
amined in the Uuiversity of Tokyo herbarium. ‘They have pubescent petioles and — 
inflorescences. The sepals are the same as those of A. cornudentata, but the sepals 
in Nakai’s drawing of B. morrisonensis (p. 56, fig. 8e) are those of A. stenosepala, 
as described and as revealed by the type of the latter in Tokyo. Nakai considers ° 
A. suishaensis Hayata as a synonym of B. morrisonensis, but the sepals of a fragment 
of this species in the U.S. National Herbarium from the isotype in Taiwan has sepals 
intermediate between those of A. stenosepala and A. cornudentata. Nakai gives no 
indication that he has seen the type of A. cornudentata Mez, and I found nothing 
in Tokyo representing the type. Nakai refers my drawing of A. cornudentata Mez 
(29, p. 85, fig. 13), which was drawn from an isotype, to B. morrisonensis ane 
Nakai, which he maintains as distinct from B. cornudentata (Mez) ay (Ardisia 
cornudentata Mez). 

Thus the conflicting opinions based on inadequate specimens leaves one much 
confused. However, I believe A. cornudentata Mez with nearly round sepals is a 


1D Doubtfully given as Hayata in my revision (29, p. 84). 
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distinct species from A. stenosepala Hayata with triangular and acute sepals and 
usually short inflorescences or flowering branches. A. morrisonensis Hayata and A. 
suishaensts Hayata are synonyms of A. cornudentata Mez. Subsequent examination 
of adequate material from Formosa may alter these concepts. 

Gi) Bladhia violacea Suzuki-Tokio (p. 57): Having seen several specimens in 
the University of Tokyo herbarium and in the National Science Museum in Tokyo, 
including isotypes, I am convinced that this should be Ardisia brevicaulis var. 
violacea (Suzuki-Tokio) Walker, comb. nov. It differs in its smaller size and smaller 
leaves and inflorescences. The 4 to 6 lateral nerves unite in a more or less irregular 
marginal nerve, somewhat remote from the margin, as is characteristic of Avdisia 
brevicaulis Diels and A. punctata Lindl. I am unable to confirm the violet color of 
the lower surface of the leaves, whence comes the specific name. The lower surfaces 
are minutely reddish pubescent. Specimens examined, all from Formosa, are: 
Suzuki-Tokio, 11697 (Tokyo, U.S.-both isotypes) and 19001 (Tokyo) ; Ohwi, April 13, 
1933 (Kyoto) from between Chakon and Mt. Rara. 

(j) Bladhia citrifolia (Hayata) Nakai (p. 60): I have now seen the type of 
this species and find it corresponds in all essentials to Avdisia brevicaulis Diels, a 
species previously known from Formosa by only one collection (29, p. 106). Nakai 
was apparently not familiar with this species and did not consider my interpretation, 
which related it to A. punctata Lindl, a species which he apparently knew only 
from the literature. His illustration, fig. 10, p. 61, is excellent except for the lack 
of the marginal nerves, the position of which is distinctive in this species. 

(k) “Bladhia Lindleyana (D. Dietr.) Nakai, comb. nov.” (p. 69): There is no 
indication in Nakai’s work nor in any of the others cited by him or by me that this 
species or Ardisia punctata Lindl., which Nakai refers to it, occurs in Japan or 
Formosa. However, H. Migo in Journ. Jap. Bot. 16: 56. 1940 refers to collecting 
Bladhia punctata (Lindl.) Nakai in Fukien Province, China, and to its cultivation in 
Japan. Neither Nakai nor I have seen the type of A. punctata, although I have 
seen mnany specimens which I feel very confident represent Lindley’s species, which 
was based on cultivated material in England. Nakai seems to know this species 
only from the literature. There are no specimens in the herbarium of the University 
of Tokyo. He makes no reference to the most distinguishing character, the marginal 
nerves placed distinctly farther from the margin than in any other species except 


Ardisia brevicaulis, and continues the confusion with Ardisia crispa Thunb., which 
was Clarified in my work (29, p. 104) and to which he made no reference. 


Ardisia punctata Lindl. and Ardisia punctata Jack were both published in the 
same year, 1824. Apparently Nakai rejected Lindley’s name because it is later than 
Jack’s name and therefore invalid. He therefore chose the next earliest name Ardisia 
lindleyana D. Dietr. and transferred it to Bladhia. I have been unable to find that 
anyone has critically determined the precise date of publication of W. Roxburgh, 
Flora Indica, ed. 2, vol. 2, p. 275. “1824” (title page date). Here N. Wallich in a 
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comment under A. divergens Roxb. says: “I have had specimens of this plant 
gathered at Pinang by the late Mr. Jack under the name of A. punctata...” Although 
it is followed by a description, Jack’s name here is clearly presented as a synonym 
and has no valid status. It can not, therefore, displace Lindley’s name, which bears 
on the colored plate “Pub. by I. Ridgeway...... Sept. 1, 1824,” even though that date 
may be later than Wallich’s recording of Jack’s name in Roxburgh’s work of the 
same year. The name of Bladhia lindleyana (D. Dietr.) Nakai, therefore, should be 
Ardisia punctata Lindl. 

() Bladhia crispa Thunb. (p. 62): This is one of the several extensively culti- 
vated species of which there are many variations, both wild and in gardens. It has 
been much confused in the literature with another much cultivated species, Ardisia 
crenata Sims, which Nakai treats as Bladhia lentiginosa (Ker) Nakai. This confusion 
was the subject of a special paper published by me in 1939 (28), a reference which 
is not mentioned anywhere by Nakai. He recognizes first three varieties and one 
form occurring among wild plants. The first he designates as “var. typica Nakai 
n. var.” This seems to be additional to his “ species,’ but is clearly that which 
should now be designated according to the 1952 Code as Ardista crispa (Thunb.) A. 
DC. var. crispa. He refers to this variety a white fruited form which is designated 
as B. crispa var. typica f. leucocarpa (K. Onuma) Nakai. I see little if any scientific 
value in giving taxonomic recognition to the results produced when Nature’s normal 
process of producing pigmented fruits goes wrong and white ones result. Under the 
second variety, B. crispa var. dielsii (Walker) Nakai, is placed the synonym Ardisia 
henryi Hemsl. In view of my clarification of this and related species and varieties 
in my separate paper (28) and the illustrations in my revision (29, p. 119, fig. 21), 
it seems clear that A. henryi Hemsl. is asynonym of Ardista crispa var. crispa and 
not of var. dielsiz. The type of the third variety, caducitpila Nakai, which is desig- 
nated as new and is briefly described in Latin, is not stated. One would assume it 
is the specimen cited as “ipse Nagata, March 22, 1923” in G. Masamune’s treatment 
of the plants in Yakusima (10, p. 354), because Nakai cites as a synonym “Bladhia 
crispa Thunberg sensu Masamune, Florist. & Geobot. Stud. Isl. Yakusima 354 (1934).” 
I have been unable to examine this specimen, probably in the Kyoto University 
herbarium, but the four specimens in the University of Tokyo herbarium do not 
convince one that this is a valid taxon. 

Following these four wild variants, Nakai describes 64 new forms, some of which _ 
are based on illustrations in Somoku Kinydsyfi (1827) and in Iwasaki’s Honz6 dzufu 
(1828), and some on original material with new illustrations, including one colored 
plate. These are all variants cultivated from the Tokugawa period to the present 
day. 

Then come 15 new forms found in cultivation at the present time, all described 
in Latin and Japanese, but with no designation of types. Mr. Zitard Nagao, head 
of the Botanical Garden at the village of Koai, Nakakanbara District, Niigata 
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Prefecture, whose assistance Dr. Nakai graciously acknowledges in the last paragraph 
of his introduction, is said to be preserving them. Apparently Nakai considered the 
Japanese names under which they are illustrated and cultivated as sufficient. For 
comments on these past and present cultivated forms see my remarks on p. 204 
relative to such forms under Bladhia japonica Hornst. (i.e. Ardisia japonica (Hornst.) 
Blume). 

(m) Bladhia pasaniaefolia Nakai (p. 98): Nakai distinguishes this species from 
Bladhia lentiginosa (Ker) Nakai and its var. lanceolata Masam. by leaf size, shape, 
and number of marginal glands. Comparison of the typ: in the Kyoto University 
herbarium, which bears Nakai’s annotation, and of a fragment and photograph of 
this type in the U.S. National Herbarium with my own collections of 1951 from the 
Ryukyu Islands reveals no significant differences. My collections include one from 
the type locality of Nakai’s species, Taniyo-dake in Okinawa, and several from along 
the Urauchi River in Iriomote Island in the southern Ryukyu, which is apparently 
within the limits of the Hatoma-mori in the Urauchi River basin, designated by 
Masamune as the type locality of Bladhia lentiginosa var. lanceolata Masam. As 
will be shown later this variety is not distinct from B. lentiginosa, which should be 
called Ardisia crenata Sims. B. pasaniaefolia Nakai is, therefore, likewise a synonym 
of A. crenata Sims. 

(n) Bladhia lentiginosa (Ker) Nakai (p. 99): ‘The nomenclature of this species 
has been confused. Most Japanese publications accept this name and give the older 
name Avrdisia crenata Sims (1818) as a synonym, apparently under the mistaken 
belief that Sims’ name is invalid because of Ardisia crenata Roxb. (1814). However, 
as I have brought out (28 and 29, p. 112), Roxburgh’s name was a nomen nudum 
and without standing until provided with a description in 1824. Thus Ardisia crenata 
Sims is the oldest valid name. On p. 101 of Nakai’s treatment is an apparent ex- 
planation of his failure to use “Bladhia crenata,” with reference to Yoshio Tanaka 
and Motoyoshi Ono, Yuy6o shokubutsu zusetsu (1891). This is the only appearance 
I have seen of the name crenata associated with Bladhia. However, the basis of 
the name is not given by Nakai. According to Article 42 of the 1952 Code (8) such 
a transfer previous to January 1, 1953 may be made without giving its basis, but it 
is clear that Nakai did not intend here to make such a combination nor is it likely 
that such a transfer was intended in Tanaka’s and Ono’s work. Hence, Nakai’s use 
of the name on p. 101 should not be considered as acceptable formal publication as 
the International Code of Botanical Nomenclature requires definite indication of a 
nomenclatural combination. (See 8, Article 42, paragraph 3). 

The first subspecific taxon of Bladhia lentiginosa is “‘f. typica Nakai,” which 
appears to be a misprint for var. typica, and which should be considered Bladhia 
lentiginosa var. lentiginosa or more correctly Ardisia crenata Sims var. crenata. ‘The 
second subspecific taxon is B. lentiginosa var. taquetii (Lev.) Nakai. There is no 
evidence that Nakai examined Leéveillé’s type upon which this is based. It is not 
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clear on what basis Nakai refers to Leveillé’s species the Japanese variants from B. 
lentiginosa with the characteristics described by him in his Flora Sylvatica Koreana 
(13, p. 16) as “Caulis 5-6 pedalis ramosus. Folia usque ad 12cm. longa grosse 
undulata” and in Japanese in his treatment of 1943 (18, p. 102). A. Rehder (21, p. 
80) and I (29, p. 112) have examined the type and considered it indistinguishable 
from A. crenata Sims, which shows considerable variation when a wide range of 
material is studied. 

The third subspecific taxon, B. lentiginosa var. lanceolata!) Masam. (p. 102) was. 
based on Fukuyama 7318 in the “Herb. T.” [Taihoku ?], collected on “ Hatoma-mori 
in the catchement area River Urauti, Iriomote zima, Yaeyama-gun.” In 1951 Mr. S. 
Tawada and I collected specimens of A. crenata Sims on Iriomote Island along the 
Urauchi River and between that river and the town of Hoshitate, Walker & Tawada 
nos. 6646 and 6727. These conform with Masamune’s original description which gives 
“folia lanceolata chartaceo-coriacea vel coriacea margine fere integra utrinque 
acuminata 5x2, 10x2.2 vel 15x3cm. magna.” ‘They do not differ significantly from 
other specimens of A. crenata Sims collected in the Ryukyus. They hardly answer 
the leaf shape given by Nakai as “lineari-lanceolata.” Nakai differentiates it from 
Ardisia crenata var. angusta C.B. Clarke by length of pedicels, but gives no indica- 
tion of how he interprets that southern Asiatic variety. He apparently has not seen 
the type in the Kew herbarium. A photograph and fragment of that type are 
deposited in the U.S. National Herbarium. The length of pedicels seems not to be 
significant. I have not seen Masamune’s type, but I have examined the specimens. 
in the University of Tokyo herbarium which were examined by Nakai, all of which 
are from Kydtshti or the Ryukyus. Furthermore these have been compared with 
many other specimens from Japan, Formosa, and China. These varieties are separated 
in Nakai’s key, p. 53, on the number of punctate glands on the lower leaf surface and 
the size, shape, and marginal glands of the leaves. I am unable to sustain Nakai’s 
segregation of Bladhia lentiginosa var. lanceolata and var. taquetii and must con- 
sider both as synonyms of the variable Ardisia crenata Sims. 

After B. lentiginosa var. lanceolata Masam., Nakai presents 35 forms, mostly 
new. These are horticultural variants of this most widely cultivated of all the 
species of Ardisia. They are illustrated in the Somoku Kihin Kagami (1827) or in 
a few western works or are found in cultivation in Japan today. Several of the old 
Japanese illustrations are reproduced. Concerning the naming of such horticultural 
variants, see my comments on p. 204. 

(0) Bladhia kusukusensis (Hay.) Nakai (p. 115) is based on a collection by B. 
Hayata and S. Sasaki, collected in June, 1912, at Kusukusu, (southern ?) Formosa, 
and referred to by Nakai as in the Kyoto University herbarium. In Tokyo is a 


a i i by Nakai 
12) This was originally given as lanceolalta,” but this obvious error was corrected by 


to “lanceolata.” 
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specimen labeled by Hayata and a drawing made from a fruiting specimen in Kyoto. 
In the U.S. National Herbarium is a photograph of a specimen in Taiwan consisting 
of ‘two mounted leaves, apparently from the type, and a leaf fragment which pro- 
bably came from the type. Nakai separates this species in his key, p. 53, from B. 
pasaniaefolia Nakai and B. lentiginosa (Ker) Nakai on its unbranched stems, the 
position of the inflorescence, and the punctations on the under surface of the leaves. 
In his discussion Nakai compares it with B. lentiginosa (Ker) Nakai and Ardisia 
elegans Andr. The latter species Nakai apparently knew only from the type in the 
University of Tokyo herbarium of A. konishii Hayata, which I consider a synonym 
(29, p. 110). The unbranched stem does not show in herbarium specimens. However, 
the drawing in Tokyo from the Kyoto type shows a branched stem. From my 
observations in Tokyo and the fragments in Washington the distinctive features seem 
to be (1) the very short inflorescences without leaves or leaflike bracts, (2) the wide 
divergence of the lateral nerves from the midrib. and (3) the lack of distinctive 
lateral flowering branches, which are so conspicuous in species of Section Crispar- 
disia. Since there really seem to be only two specimens referred to this species and 
there is so much uncertainty, I prefer to leave this species among those insufficiently 
known until more material is available. 

(p) Bladhia racemosa (Lour.) Nakai (p. 118): The material from which to 
reevaluate this species consists of 5 specimes, all from Sh6-két6sh6 (Kashioto, Taito), 
an island off the southeastern coast of Formosa, north of the island of Botel Tobago, 
which has a distinctive flora, including several tropical species not found elsewhere 
in Formosa. There is also Nakai’s excellent drawing (p. 119, fig. 35), the basis of 
which unfortunately is not given. Three of these specimens are in the University of 
Tokyo herbarium. One of these is the type of Ardisia kotoensis Hayata, which was 
considered by Nakai to be the same as B. racemosa (Lour.) Nakai and is clearly 
the basis for inclusion of this species in a treatment of the Japanese Myrsinaceae. 
The other two are specimens in the herbarium of the National Taiwan University, 
of which there are fragments and photographs in the U.S. National Herbarium. I 
have found no specimens which reveal Nakai’s concepts of the species which he has 
placed as synonyms or with which he has compared B. racemosa (or B. kotoensis), 
namely Ardisia solanacea Roxb., A. elliptica Thunb., or A. squamulosa Presl., each 
of which he has transferred to Bladhia. Possibly, however, I have overlooked such 
material and Nakai was more familiar with these species than circumstantial evidence 
indicates, which was that he knew them only from the literature. 

Nakai’s cited references under Ardisia humilis Vahl, which he placed as a 
synonym of Bladhia racemosa (Lour.) Nakai, include references to Merrill’s inter- 
pretation of Mez’s confusion regarding this species (11) and to my concept (29, p. 


59), which was based on Merrill’s. However, he failed to note that our concepts, 


not Mez’s concept, of A. humilis Vahl, were greatly at variance with the type 
material of Ardisia kotoensis Hayata. In his discussion he doubts the correctness of 
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Merrill’s interpretation, but I have no reason to question the validity of Merrill’s 
conclusion that Mez was wrong in his concept of this species, for I have seen several 
Specimens, including the type of A. hainanensis Mez, which Merrill discussed. Thus, 
Bladhia kotoensis (Hayata) Nakai is radically different from true Ardisia humilis 
Vahl (i.e. not Mez’s concept), which under Bladhia is to be called B. racemosa 
(Lour.) Nakai. Bladhia kotoensis seems to fit Mez’s concept (12, p-. 127), of which 
Merrill said, “I do not know the proper name for the widely distributed species 
erroneously interpreted by Mez as Ardisia humilis Vahl.’ Comparison of available 
specimens with some specimens from Indo-China, cited by Mez as A. humilis forma 
obovata (Bl.) Mez reveals a close similarity. Further, they compare favorably with 
Philippine specimens in the U.S National Herbarium under the name Ardisia squa- 
mulosa Pres], a name placed by Mez as a synonym. It was described from the 
Philippines. Merrill has suggested that the oldest name, if Mez’s synonymy is correct, 
might be based on Anguillaria zeylanica Gaertn., but since that species can not be 
critically interpreted at this time, Avdista kotoensts Hayata should provisionally be 
considered a synonym of Ardisfa squamulosa C. Pres]. Rel. Haenk. 2: 65 1835. 

(q) Bladhia sieboldii f. rubricarpa and f. nigrocarpa, both Tuyama ex Honda 
Nakai (pp. 122-123): It may be mentioned that these trivial forms should be con- 
sidered here as new in Nakai’s work, since they are nomina nuda in Honda’s Nomina 
Plantarum Japonicarum and are given brief Latin descriptions by Nakai. I do not 
believe such color variations need to be named. 

(r) Bladhia quinquegona (Blume) Nakai (p. 123): The type of the species B. 
pseudoquinquegona Masam., here cited as a synonym, is C.J. Lei 11 from Hainan. 
Although this species was unknown to me in 1940, I referred this specimen to Ardisza 
quinquegona Blume and am still of the opinion that it represents that species. Thus 
Nakai’s allocation is correct. However, there seems to have been no need to include 
this Hainan species in a 1940 paper on the Myrsinaceae of Japan, unless it were 
considered that Hainan was then part of Japan. If that were the case many more 
species should have been included, for Hainan is rich in species of Myrsinaceae. 


(to be continned) 
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These studies were made at the herbarium of the Tokyo University (the Faculty 
of Science) in which a lot of specimens collected by many botanists—G. Koidzumi, 
R. Kanehira, S. Momose, T. Tuyama, S. Hatusima, H. Ito, etc-——from various parts 
of Micronesia was preserved. The following notes are concerned with some new 
species and some new records of distribution of certain species in the islands. I wish 
to express my thanks to Prof. M. Honda of the Tokyo University for his many 


courtesies. 


Acrostichum speciosum Willd. Saipan: Garapan (H. Ito, IV. 1941). Already 
reported by me from Palau, Angaur and Truk. In the herbarium all the specimens 
of Acrostichum from Micronesia are of this species instead of A. aureum L. 

Actinostachys ponapensis (Hosokawa) 
H. Ito, comb. nov. Schizaea ponapensts 
Hosokawa in Trans. Nat. Hist. Soc. Formos. 
31:39 (1941). Kusaie: Mt. Wakapp (H. 
Ito, IV. 1941). Previously reported by Ho- 
sokawa from Ponape and Palau. 

Adiantum philippense L. Kusaie: 
locality unknown (K. Fujii, VII. 1915). Also 
known from Palau and Yap. 

Antrophyum plantagineum (Cav.) 
Kaulf. Kusaie: locality unknown (K. Fujii, 
VIT. 1915). Previously known from Saipan, 
Guam, Yap, Palau and Angaur. 

Antrophyum ponapense H. Ito, sp. nov. 

Rhizoma parvum breviter repente-ascendens, 


paleis brunneis lineari-ovato-lanceolatis clathratis 


et pilis luteo-fuscis dense vestitum. Frondes lineari- 
Pigil, Anivophyum ponapense Ho Tto oblongae arcuatae 10-18cm longae 5-10 mm latae 
(1/3) apice acutae basi attenuatae fere exstipitatae 


margine integrae supra obscure-virentes infra 
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glaucae in sicco, venis anguste-reticulatis, 5- raro 7-stichis. Sori 1- raro 2-seriales prope margines 
consimiles venarum lineares interrupti leviter immersis, sporanglis annulis 14-cellulatis, paraphy- 
sibus numerosis ramosis celluJis terminalibus pyriformibus atro-brunneis, sporis triangulari-sphaericis 
sparse granulato-verruculosis. 

Ponape: Tean Hill (H. Ito, IV. 1941—type, fig. 1). Closely allied to A. plan- 
tagineum Kaulf., but differs from it by the smaller rhizome with brighter scales, the 
narrower and nearly stipeless fronds, and the fewer series of shallowly sunken sori. 

Antrophyum reticulatum (Forst.) Kaulf. Kusaie: Mallem, Mt. Fenkol, Mt 
Matante and Mt. Wakapp (H. Ito, IV. 1941). Previously recorded from Palau, Truk 
and Ponape. 

Asplenium pellucidum Lam. Kusaie: Mt. Matante and Mt. Wakapp (H. Ito, 
IV. 1941). Previously known from Saipan, Rota and Ponape. 

Asplenium tenerum Forst. var. tenerum. Ponape: Natt, Tean Hill and Mt. 
Nanaraut (H. Ito, IV. 1941). Already known from Palau. 

Asplenium tenerum Forst. var. productum (Pr.) C.Chr. in Dansk Bot. Arch. 
9: 18 (1937). Palau: Babeldaob (S. Momose, IV. 1930); Babeldaob, Ngatpang (T. 
Tuyama, VIII. 1939). Known from Guam only. 

Blechnum capense (L.) Schlecht. Kusaie: near the summit of Mt. Bauche (S. 
Hatusima, no. 11184, VIII. 1939); Mt. Matante (T. Tuyama, no. 84, I. 1941). Pre- 
viously recorded from Ponape. 

Bolbitis heteroclita (Pr.) Ching. Ponape: between Oné and Kolonie (S. Hatu- 
sima, no. 10970, VII. 1939); Natt (H. Ito, IV. 1941). Previously known from Kusaie. 

Bolbitis nigra (Copel.) Ching. Kusaie: locality not shown (R. Kanehira, no. 
1340, VIL. 1931); Mt. Matante (H. Ito, IV. 1941). Previously reported from Ponape. 

Cephalomanes densinervium (Copel.) Copel. Palau: Babeldaob, Aimiriik (CT. 
Tuyama, VIII. 1937, VUI. 1939; M. Okabe, no. 21, VIII. 1940) ; Babeldaob, Ngarathmao 
(T. Tuyama, VIII. 1939); Babeldaob, Ngatpang (T. Tuyama, VIII, [X. 1939). Yap: 
locality not shown (R. Kanehira, no. 1142, VIII. 1930); near Atelieu (T. Tuyama, IX. 
1939). New to Micronesia. A species from New Guinea. 

Crepidopteris humilis (Forst.) Copel. Palau: locality unknown (K. Fujii, VII. 
1915); Babeldaob, Ngarmiscan (T. Tuyama, VIII, 1X. 1937); Babeldaob, Lagoon 
Ngelegal (T. Tuyama, IX. 1939); Babeldaob, Aimiriik (M. Okabe, no. 19, VIII. 1940). 
Already known from Guam, Yap, Truk, Ponape and Kusaie. 

Ctenitis lepigera (Bak.) H. Ito in Nakai et Honda Nov. FI. Jap. no. 4: 77 (1938). 
Anatahan (R. Kanehira, no. 2148, VII. 1933). New to Micronesia, previously known 
only from the Bonin Islands adjacent to the Mariana Islands to which Anatahan 
belongs. 

Ctenitis subtripinnata (Miq.) H. Ito var. leucostipes (Bak.) H. Ito, 1.c. 77. 
Rota: Osawa Pasture (T. Tuyama, no. 562, II. 1941). New to Micronesia, A For- 
mosan variety. 

‘Ctenopteris palaoinsularis (Hosokawa) H. Ito, comb. nov. Polypodium palao- 
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insulare Hosokawa in Trans. Nat. Hist. Soc. Formos. 31: 476 (1941). Ponape: Nipit 
S. Hatusima, no. 11076, VII. 1939). Known from Palau only. 

Cyathea nigricans Mett. Palau: Babeldaob (G. Nakama, 1939). Known from 
Ponape and Kusaie. 

Cyclosorus heterocarpus (Bl.) Tardieu-Blot in Notul. Syst. 7: 72 (1938). Kusaie: 
Mt. Mallem and Mt. Matante (H. Ito, IV. 1941). Also known from Palau and Ponape. 

Cyclosorus interruptus ( Willd.) H. Ito in Bot. Mag. Tokyo 51: 714 (1937). Yap: 
locality unknown (F. Fujikawa, VIII. 1939). Known also from Palau and Saipan. 

Cyclosorus unitus (L.) Tardieu-Blot, l.c. 78. Saipan: locality unknown (T. 
Tuyama, VIIl. 1937). Rota: Simo-suiden (T. Tuyama, no. 510, II. 1941). Yap: 
locality unknown (S. Momose, IV. 1930). Palau: locality unknown (G. Koidzumi, I. 
1914, II. 1915); Babeldaob, Aimiriik 
¢S. Hatusima, no. 2460"! 1V2" 19398) ; 
Babeldaob, Ngatpang (T. Tuyama, 
VIIL 1939); Korror, Ngarabaket (CT. 
Tuyama, ViII. 1939). Previously 
reported from Guam, Alamagan and 
Agrigan. 

Davallia solida (Forst.) Sw. 
Yap: locality not shown (S. Momo- 
se, VII. 1930; R. Kanehira, no. 1260, 
VIII. 1930). Known from Alamagan, 
Saipan, Guam, Palau, Truk, Ponape 
and Kusaie. 

Dicranopteris weatherbyi (Fos- 
berg) Fosberg in obserb. in Amer. 
Fern Jour. 40: 141 (1950). Gleichenia 
Weatherbyi Fosberg, l.c.140. Ponape: 
near Nipit Exper. Station (S. Hatusi- 
ma, no. 11077, VII. 1939—the late Dr. 
T. Nakai determined this specimen as 
a new species and wrote a new name 
Dicranopteris ponapensis Nakai on 
the label). Described from Kusaie; 
this is the second locality. 

Dryopteris hatusimae H. Ito, 
sp. nov. 


(Eudryopteris). Rhizoma brevissime 
ae - repens paleis rufo-brunneis lineari-lanceo- 
Fig. 2. Dryopteris hatusimae H. Ito (1/6 latis 12-20 mm longis margine integri 

) gris vel 


paulo denticulatis dense vestitum. Stipes 
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35cm longus 5-6 mm crassus rufo-fuscus paleis lineari-ovatis vel lineari-lanceolatis 4-10 mm longis 
sparse vestitus et leviter cicatriculatus. Lamina anguste-ovata 90cm longa 60cm lata apice acu- 
minata quadripinnatifida utrinque glabra, pinnis circ. 10-jugatis lineari-triangularibus 20-30 cm longis 
10-12 cm latis, rhachidibus 5-20 mm longis, pinnulis erecto-patentibus ovato-triangulatis inferioribus 
majoribus 5-6cm longis 2-2.5cm latis distincte petiolatis, pinnulis secundis triangulatis vel longe 
ovatis apice rotundatis basi cuneatis pinnatifidis, pinnatilobis vel crenatis, segmentis ellipticis, costis 
costulisque stramineis glabris, venis conspicuis liberis. Sori inter venas et margines supra venas 
siti, indusiis orbiculari-reniformibus margine leviter repandulis, annulis sporangiorum 15-17-cellulatis, 
sporis reniforme-ellipsoideis (etiam parvis). 

Ponape: Nipit (S. Hatusima, no. 11085, VII. 1939—type, fig. 2; no. 10855, VII. 
1939); Natt (CH. Ito, IV. 1941). Resembles D. sparsa O. Kuntze but differs from it 
by the longer and more finely dissected frond, the narrow linear-triangular lowest 


pinnae instead of broad triangular ones, and narrow dark scales. 


Pree ek 
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Fig. 3. Elaphoglossum kusaiense H. Ito (x 1/3) 
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Elaphoglossum kusaiense H. Ito, sp. nov. 

Rhizoma breve repens dense paleatum, paleis membranaceis fuscis ovatis apice longe caudatis 
10-15 mm longis 3-5 mm latis margine pauce denticulatis. Stipites caespitosi firmi 15~-20cm longi 
3-4 mm crassi ventre canaliculati basi paleis palearum rhizomatis similibus, cetero paleis deciduis 
minoribus linearibus vel Jineari-lanceolatis pallidis vestiti. laminae steriles lineares 50-55 cm longae 
5-6.5cm latae apice acutae basi attenuatae margine integerrimae non incrassatae, rhachidibus con- 
spicuis, venis parallelis singulis vel interdum furcatis, utrinque non pilosis. Laminae fertiles an- 
gustiores stipitibus longioribus, sporangiis cellulis annularibus 12 (-13), sporis reniforme-ellipsoideis 
reticulato-alatis. 

Kusaie: near the summit of Mt. Bauche, Taonssak (S. Hatusima, no. 11185, VIII. 
1939—type, fig. 3); Mt. Matante (T. Tuyama, no. 78, I. 1941; H. Ito, IV. 1941); Mt. 
Fenkol (H. Ito, IV. 1941). A species without cartilaginous border, very near to the 
Ponapean FE. carolinense Hosokawa, from which it is distinguished by the thin pale- 
brown scales and the linear attenuate fronds. 

Helminthostachys zeylanica (L.) Hook. Palau: locality unknown (S. Kusano, 
V. 1915); Korror (Y. Yamada, IJ. 1925); Babeldaob, Meligeok (T. Tuyama, VIII. 
1939) ; Babeldaob, Ngarathmao, Ailol (T. Tuyama, VIII. 1939); Babeldaob, Ngatpang 
(T. Tuyama, VIII. 1939). Already known from Yap. 

Hymenolepis mucronata Fée. Roza: Osawa Pasture Cea Ruvamaw no. oolselT: 
1941). Already reported from Guam and Palau. In the herbarium this is the only 
species of Hymenolepis from Micronesia. 

Hypolepis bamleriana Rosenst. in Fedde Repert. 10: 325 (1912). Ponape: at 
the foot of Mt. Sankaku (S. Hatusima, no. 10772, VII. 1939); near the summit of 
Mt. Troton, Kityi (S. Hatusima, no. 11010, VII. 1939). New to Micronesia. New 
Guinea, Bonin Islands and Kytsyt (Isl. Yakusima). 

Lastrea oligophlebia (Bak.) Copel. var. lasiocarpa (Hayata) H. Ito, comb. nov. 
Dryopteris oligophlebia C.Chr. var.. lasiocarpa Nakai in Bot. Mag. Tokyo 34: 142 
(1920). Rota: Cocoa Factory (T. Tuyama, no. 451, II. 1941). Kusaie: Mt. Wakapp 
(T. Tuyama, no. 117, I. 1941; H. Ito, IV. 1941). Known from Palau and Ponape. 

Lindsaea concinna J. Sm. Palau: Babeldaob, Aimiriik (R. Kanehira and S. 
Hatusima, no. 4580, IV. 1938). New to Micronesia. New Guinea to Annam and 
Ryukyu. 

Lindsaea decomposita Willd. MKusaie: Mt. Matante (H. Ito, IV. 1941); Mt. 
Fenkol (T. Tuyama, no. 168, I. 1941; H. Ito, IV. 1941). Previously known from 
Ponape and Palau. 

Lindsaea ensifolia Sw. Yap: Mt. Tabiol (T. Tuyama, IX. 1939). Known from 
Guam, Palau, Truk and Ponape. 

Lindsaea macraeana Copel. Palau: Babeldaob (S. Momose, IV. 1930); Babel- 
daob, Aimiriik (T. Tuyama, VIII. 1937). MKusaie: locality not shown (S. Hatusima, 
no. 1437, VII. 1931); Mt. Matante (H. Ito, IV. 1941). Previously reported from Ponape. 

Lindsaea rigida J. Sm. Kusaie: Mt. Fenkol (T. Tuyama, no. 170, I. 1941). This 
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identification is owing to Dr. T. Hosokawa who reported this species from Ponape. 

Lindsaea walkerae Hook. Truk: locality unknown (G. Koidzumi, I. 1915). 
Ponape: on the summit of Mt. Nanaraut (S. Hatusima, no. 11034, VII. 1939). AI- 
ready known from Palau. 

Lomariopsis leptocarpa Fée. Ponape: between Oné and Nipit Exper. Station 
(S. Hatusima, no. 10848, VII. 1939); Natt and Tean Hill (H. Ito, IV. 1941). New to 
Micronesia. Polynesia to Formosa. 

Loxogramme avenia Pr. Ponape: Mt. Troton, Kityi (S. Hatusima, no. 10336, 
VII. 1939). New to Micronesia. A Malesian species. 

Lygodium scandens (L.) Sw. Rota: Mt. Manila (T. Tuyama, no. 429, IL. 1941). 
Yap: locality unknown (G. Koidzumi, II. 1915; S. Momose, IV. 1930); Mt. Kabul 
near Kolonie (T. Tuyama, IX. 1939). Angaur (K. Fujii, VIII. 1915). Known from 
Guam, Saipan and Palau. 

Meniscium palauense Hosokawa in Trans. Nat. Hist. Soc. Formos. 28: 148 (1938). 
Yap: near Atelieu (T. Tuyama, IX. 1939). Only known from Palau. 

Meringium bakeri (Copel.) Copel. Palau: Babeldaob, Ngatpang (T. Tuyama, 
VIII. 1939) ; Babeldaob, Mt. Ngeleeleuus, Ngarathmao (T. Tuyama, IX. 1939). Kusaie: 
Mt. Matante (H. Ito, IV. 1941). New to Micronesia. Philippines to Sumatra. 

Microgonium motleyi v.d. Bosch. Palau: Babeldaob, Aimiriik (M. Okabe, no. 
16, VIII. 1940). New to Micronesia. Tropical Asia to Melanesia. 

Microlepia speluncae (L.) Moore. Palau: Korror (Y. Yamada, JI. 1925; S. 
Momose, IV. 1930). Rota: Mt. Manila (T. Tuyama, no. 431, II. 1941). Already 
known from Truk, Ponape and Kusaie. 

Microsorium punctatum (L.) Copel. Truk: Torowasi, Mt. Troman (CH. Ito, II. 
1941). Previously known from Guam, Rota, Saipan, Palau and Angaur. 

Microtrichomanes dichotomum (Kunze) Copel. Kusaie: Mt. Matante (CH. Ito, 
IV. 1941). Previously reported only from Ponape. 

Phegopteris ornata Fée. Ponape: Nampil (S. Hatusima, no. 11003, VIL 1939). 
Already reported from Anatahan, Sarigan and Alamagan. 

Phymatodes longissima J. Sm. Palau: Babeldaob, Almonogui, Kamusetu (S. 
Hatusima, no. 4872, IV. 1938). New to Micronesia. Tropical Asia to Polynesia. 

Phymatodes scolopendria (Burm.) Ching var. multisecta (Christ)) H. Ito} comb: 
nov. Polypodium phymatodes L. var. multisecta Christ in Nova Guinea 8: 152 (1907). 
Ponape: Kolonie (R. Kanehira, no. 628, VIII. 1929); Meitik and Tean Hill CH. Ito, 
IV. 1941). A variety described from New Guinea; new to Micronesia. 

Pleuromanes acutum Pr. Ponape: Tean Hill and Mt. Nanaraut (H. Ito, IV. 
1941). Kusaie: Mt. Matante CH. Ito, IV. 1941). New to Micronesia. Philippines. 

Pteris ensiformis Burm. Kusaie: locality unknown (K. Fujii, VII. 1915). Known 
from Yap and Palau. 

Pteris fauriei Hieron. in Hedwigia 55: 345 (1914). Truk: locality unknown (G, 
Koidzumi, I, Il. 1915; K. Fujii, VU. 1915); Torowasi, Mt. Troman (CH. Ito, IJ. 1941). 
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A new addition to the Micronesian flora. Bonin, Japan, Ryukyu, Formosa and China. 

Pteris quadriaurita Retz. Palau: locality unknown (G. Koidzumi, II. 1915). 
This species has been recorded from various of quarters Micronesia, but in the her- 
barium it reserves only two specimens including this Palauan one. (Another is from 
Ponape collected by S. Hatusima). 

Pteris macracantha Copel. in Occ. Pap. Bishop Mus. 15: 85 (1939). Yap: locality 
unknown (K. Fujii, VII. 1915; S. Momose, IV. 1930); Werom (F. Fujikawa, VIII. 
1939) ; Dogol (T. Tuyama, IX. 1939). Kusaie: Mallem, Mt. Matante and Mt. Wakapp 
(H. Ito, 1V. 1941); locality unknown (T. Kamiya). Described from Ponape and known . 
from there only. 

Pteris tapeinidiifolia H. Ito, sp. nov. 

Rhizoma breve paleis brunneis lineari-lanceolatis 2 mm longis vestitum. Stipites caespitosi 25-30 


cm longi firmi lucidi piceo-badii glaberrimi. Laminae ovatae vel anguste ovatae 25-30 cm longae 


Fig. 4. Pteris tapeinidiifolia H. Ito (x1/3) 
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10-18 cm latae bipinnatae, pinnis 3-4-jugatis partibus terminalibus laminarum similibus pinnarum 
lateralium, linearibus apice longe caudatis pectinatis, pinnulis linearibus (interdum abbreviatis) 
leviter arcuatis 15-20mm longis 2-3 mm latis margine integris vel tenuissime crenatis apice acutis 
basi ad costas decurrentibus, pinnulis primis inferioribus pinnarum duarum infimarum maximis 
similibus pinnarum minorum pinnatis vel longissime linearibus, costis rhachidibusque lucidis piceo- 
badiis glaberrimis, venis bifurcatis liberis vel aliquando anastomosantibus prope margines. Sori 
margines partium mediarum vel fere totarum pinnularum occupantes, interdum interrupti, indusiis 
integris, sporangiis annulis 19-cellulatis, paraphysibus inconspicuis, sporis triangulari-sphaericis 
levitissime verruculosis. 

Palau: Korror (N. Ozu, XII. 1937—type, fig. 4). Angaur (K. Watanabe, no. 61, 
XII. 1940). 

Rumohra speciosa (Don) Ching in Sinensia 5: 53 (1934). Ponape: near the 
summit of Mt. Nanaraut (S. Hatusima, no. 11035, VII. 1939); Natt and Tean Hill 
(CH. Ito, IV. 1941). New to Micronesia. Southwest China and India. 

Sagenia crenata (Cav.) Hosokawa in Trans. Nat. Hist. Soc. Formos. 26: 72 (1936). 
Ponape: Mataranium and Mt. Nanaraut (H. Ito, IV. 1941). Known from Saipan, 
Rota, Guam, Yap, Palau, Angaur and Truk. 

Stenosemia aurita (Sw.) Pr. Rota: Sabana (T. Tuyama, no. 408, II. 1941); 
Osawa Pasture (T. Tuyama, no. 556, II. 1941). New to Micronesia. Malesia. 

Syngramma borneensis (Hook.) J.Sm. Palau: Babeldaob, Almonogui, Kamusetu 
(R. Kanehira and S. Hatusima, no. 4914, IV. 1938). New to Micronesia. Borneo, 
Celebes and Fiji. 

Vittaria angustata v.A.v.R. Ponape: Mt. Nanaraut (S. Hatusima, no. 11021, 
VII. 1939; H. Ito, IV. 1941). New to Micronesia. Malesia. 

Vittaria elongata Sw. Rota: Cocoa Factory (T. Tuyama, no. 450, II. 1941). 
Yap: locality unknown (CF. Fujikawa, VII. 1935); Mt. Kabul near Kolonie @T. Tu- 
yama, IX. 1939). Truk: Torowasi (S. Hatusima, no. 10697, VII. 1939); Torowasi, Mt. 
Troman (H. Ito, III. 1941). Ponape: locality unknown (G. Koidzumi, I. 1915); Mt. 
Nanaraut (H. Ito, IV. 1941). Previously reported from Saipan, Guam and Palau. 
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Received August 12, 1954 
Introduction 


A considerable number of researches had been carried out on the vital (intravital) 
staining in plant cells. After the initial report on the reaction of aniline dyes to the 
living cells by Pfeffer (1886), the reactions of the vital staning were investigated by 
Champbell (1887) on the cell of staminal hair of Tradescantia, by Yamaha and Sawai 
(1943) on the tissue cell of tomato-fruit, by Yamaha and Ueda (1946) on Oscillatoria 
princeps, by Yamaha (1946) on Spirogyra, the root-hair of Hydrocharis, by Bhargava 
(1950) on the vacuome of Saprolegniaceae, and recently by Hofler and Schindler 
(1953) on various Closterium-species. 

However, as to the vital staining on fern-prothallia Klebs (1919) reported on the 
staining of the living prothallia in Pteris longifolia and Ceratopteris thalictroides, 
using aniline colors. In the course of the works on the cell-physiological analysis of 
growth and morphogenesis in fern-prothallia, Reuter (1953) lately studied on the 
vital staining of the prothallia in Dryopteris parasitica, applying neutral red. But 
both authors discribed scarcely in the results of the vital staining on the cellular 
elements in the prothallia, or on the spermatozoids. Therefore, the writer attempted 
to make clear in detail the staining properties of cellular elements of the fern- 
prothallium or of the spermatozoids in vivo, applying many different dyes. The 
influence of the hydrogen ion concentration upon the vital staining of the cells of 
the prothallium is also investigated. 

Concerning the vital staining of the spermatozoid other than Pteridophyta was 
reported by Champbell (1887, ’88) or Waldner (1893), and then that of the fern- 


spermatozoid was studied by Yuasa (1937). With respect to the investigations on 


* 1) A part of the present study was delivered at the 18th annual meeting of the Botanical 
Society of Japan, October, 1953 at Kanazawa University, Kanazawa City. 2) The expenditures of — 
this research were paid in part by the Grant in Aid for the Scintific Research from the Ministry 
of Education 
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the staining of the living spermatozoids the writer has published already in preceding 
paper (Igura 1954a), so they will not be repeated here. 


Materials and Methods 


The prothallia cultured in the writer’s laboratory were used. They belong to 

Polypodiaceae or Plagiogyriaceae, and are following eleven species : 
Asplenium Sareliti Hooker, Asplenium Trichomanes Linnaeus, Athyrium multifidum 
Rosenstock var. deltoidewm Nakai, Ctenitis quelpaertensis H. Ito, Dryopteris cystolepidota 
C. Christensen, Dryopteris saxifraga H. Ito, Pentarhizidium japonicum Hayata, Pla- 
giogyria Matsumureana Makino, Pteridium aquilinum Kuhn var. latiusculum Tagawa, 
Rumohra mutica Ching, Thelypteris palustris Schott. 

As staining dyes, the basic and the acid ones of thirty-three kinds which belong 
to monoazo, diazo, triphenylmethan, azin, oxazin, thiazin, or xanthin groups were 
used, and these dyes were applied also in the preceding work. 

The solutions of various grades of the hydrogen ion concentration were prepared 
with the following mixed solutions: (1) 0.1N HCl and 0.1N NaOH or 0.1N NH,OH, 
(2) Citrate-buffer-solution (0.1 mol. citric acid and 0.2 mol. disodium hydrogen phos- 
phate), (3) Acetate-buffer-solution (0.1N acetic acid and 0.1N sodium acetate), (4) 
Phosphate-buffer-solution (0.1IN potassium hydrogen phosphate and 0.1N disodium 
hydrogen phosphate). 

The dyes were dissolved in the redistilled water in concentration of 0.5-0.002 per 
cent. Each prothallium was immersed in each hard watch-glass, which contained 
1cc. of dye solution. The materials were kept in it for about from ten to thirty 
minutes, sometimes for about one hour, two hours, or twenty-four hours. Besides 
this treatment, one drop of the dye solution was put on the slide glass, in which the 
prothallia were steeped and left for the durations mentioned above. Then they 
were observed under the ordinary light microscope or the phase contrast microscope. 

The vitality of the stained cells was determined by observing the plasmolysis 


and as the plasmolyticum 0.5 mol. potassium chloride or 0.5 mol. calcium chloride 


was applied. 


Experimental Results 


(A) The vital staining of the dye solution dissolved in the redistilled water. 

(1) Athyrium multifidum Rosenstock var. deltoideum Nakai. 

Dahlia violet (0.002%, 20 mins.); This solution stained the cytoplasm and mem- 
brane of the rhizoid or the spermatids in reddish violet (the young spermatid seemed 
not to be stained). To examined the days in which the prothallia can live, they 
were dipped in 0.002% dye solution and it was found that after seven days the pro- 
thallial cells showed no plasmolyses in the plasmolyticum. Therefore they hardly 
could survive more than seven days. After the death the nucleus, the membrane, 
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the cytoplasm, and the plastid appeared to be colored, especially in the protonema 
cell. 

The plasmolyses forms of the prothallial cells were generally convex in 0.5 mol. 
KCI-(Fig. 1, a) and almost concave in 0.5 mol. CaCl,-solution (Fig. I, b). 

(2) Ctenitis quelpaertensis H. Ito. 

Chrysoidin extra pure (0.002%, 45 mins.); The prothallial cell membrane was 
colored in faint yellowish orange, and the cytoplasm and membrane of the rhizoid and 
the spermatids were also stained. Janus green (0.5%, 30 mins.); The cytoplasm and 
membrane of the rhizoid and the caps of the glandular hairs (papillae) were colored 
in reddish violet. Neutral red (0.002%, 30mins.); In this solution the special fact 
was observed. Dipping the prothallia in 0.5 mol. solution for about six hours, the 
plstids in the prothallial cells gathered around the nucleus and these phenomena are 
to be called “Systrophe” reported in another plants by Germ (1932, ’33) (Fig. 2). 

(3) Dryopteris cystolepidota C. Christensen. 

Eosin (0.01%, 30 mins.); The cytoplasm and membrane of the rhizoid and the 
spermatids were colored weakly in red or not. When the glacial acetic acid was 
added to this solution, the grade of staining was intensified and the prothallial cell 
membrane and the spermatid seemed to be stained. In the cytoplasm of the rhizoid the 
granular staining was observed. Methylene blue (0.05%, 30mins.); The cytoplasum 
and membrane of the rhizoid, the caps of the glandular hairs, and the spermatids were 
colored in light bluish violet. In the cytoplasm of the rhizoid appeared the vacuolar 
demixing mainly in 0.5mol. KCl-solution (Figs. 3a, b), and the condenced cytoplasm 
generally in 0.5 mol. CaCl,-solution (Figs. 4a, b). These facts may be supposed to 
be K- and Ca-type of the plasmolysis reported by Sakamura and Kanamori (1936). 
The diffused (homogeneous) and non homogeneous staning in the cytoplasm of the 
rhizoid were observed. Pyronin (0.02%, 20 mins.); The prothallial cell membrane, 
the cytoplasm and membrane of the rhizoid, and the spermatids indicated the faint 
and light violescent red colors. The cytoplasm of the rhizoid showed the vacuolar 
demixing in 0.5mol. KCl-solution (Figs. 3c, d, e). Neutral red (0.02%, 0.002 %, 20 
mins.) ; These solutions stained the cytoplasm and membrane of the rhizoid in reddish. 
After steeping in 0.002% solution, the prothallia were immersed in 0.5mol. KCI- 
solution for about ten minutes, and then the vacuolar demixing were recognized. 
Nile blue (0.05%, 15 mins.); This dye solution stained the cytoplam of the rhizoid 
in bluish. 

In all cases the plasmolyses of the prothallial cells occurred with 0.5 mol. KCl- 
or 0.5 mol. CaClo-solution. 

(4) Pentarhizidium japonicum Hayata. 

Erythrosin (0.01%, 20 mins, 2hs.); | While the cytoplasm and membrane of the 
rhizoid were stained very slightly reddish or not, just the same staining was found 
also in the spermatids in the antheridium. In the rhizoidal cell the cytoplasm were 
colored more deeply in the apical part than the other one of it. This phenomenon 
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is considered as the polar staining (the polarity of staining) (Fig.5). The neck canal 
cell and the ventral canal cell of archegonium are also observed to be stained. The 
cytoplasm, the nucleus, the membrane, and the plastids of the prothallial cell were 
all not colored. Magdara red (0.02%, 20 mins, 2 hs.) ; The cytoplasm of the rhizoid and 
the caps of the glandular hairs were stained in violescent red and the former showed 
the granular staining (Fig. 6). Victoria violet (0.01%, 20 mins, 2hs.); The cytoplasm 
of the rhizoid soon showed a reddish violet coloration and also the polarity of stain- 
ing. Its membrane was very faintly colored. 

Applying 0.5 mol. KCI- or 0.5 mol. CaCi-solution, the plasmolyses of the prothallial 
cells were observed in every case. 

(5) Pleridium aquilinum Kuhn var. latiusculum Tagawa. 

Fuchsin red (0.005%, 10 mins.); The cytoplasm and membrane of the rhizoid 
were soon colored in violescent red. The spermatid (spermatid cytoplasm) in the 
antheridium was also stained. Although the staining of the cytoplasm of the rhizoid 
was generally homogeneous, some of the rhizoid rapidly showed the non homogeneous 
staining, as Reuter (1953) found in Dryopteris parasitica (Fig. 7). After three hours 
staining, when the prothallia were steeped in 0.5mol. KCl-solution for about fifteen 
minutes, the plasmolyses occurred in the prothallial cells and in the cytoplasm of 
some rhizoids the vacuolar demixings were recognized and some presented the polarities 
of staining, where the apical portion was somewhat deeply colored. Methyl orange 
(0.01%, 30 mins.); The vital staining could not be observed in all structural elements 
of the prothallia or exceptionally the cytoplasm and the membrane were very weakly 
Stained. Orange G (0.01%, 30mins.); The vital staining did not occur in all struc- 
tural elements. Thionin (0.05%, 10mins.), Toluidin blue (0.025%, 10 mins.); Both 
dyes broght the almost same results. These results of the vital staining were good 
and fair positive effects. The membrane (and perhaps the cytoplasm also) of the 
prothallial cell was colored mainly in the median portion as seen in Fig. 10a. Is 
it possible to consider this fact as a polar staining? As shown in Figs. 10b, c, the 
staining was disturbed in pH-solution and this phenomenon will be explained in the 
next report (Igura 1954c). The cytoplasm and membrane of the rhizoid were colored 
in diffuse or nonhomogeneous state. The spermatids found in- or outside of the 
antheridia and the caps of the glandular hairs were stained, too. The granular 
staining is produced occasionally in the cytoplasm of the rhizoid. The neck canal 
cell, the ventral canal cell, and the egg cell of the archegonium seemed to be colored. 

(6) Rumohra mutica Ching. 

Acid fuchsin (0.01%, 15 mins.); No element of the prothallia was stained in vivo, 
though in this experiment the prothallia were observed to be able to maintain their 
vital states for a long time. They were alive for about sixty-five days in this dye 
solution and after the death of the cell the nucleus, the membrane, the cytoplasm, 
or the plastid were stained, especially in the protonema cell as the example of dahlia 
violet stated above. Aniline blue (0.01%, 30mins.); The spermatid only showed 
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very weak colors. Bismarck brown (0.002%, 30 mins.); The membrane of prothallial 
cell and the spermatids were slightly colored in brownish orange. So were also the 
cytoplasm and menbrane of the rhizoid, or the caps of the glandular hairs. Brilliant 
cresyl blue (0.003%, 1h.); The cytoplasm and membrane of the rhizoid, the caps of 
the glandular hairs, and the spermatids made slight and bluish colorations. Congo 
ved (0.005%, 20mins.); The elements above-mentioned were colored faintly in reddish 
orange. The plasmolyses of the prothallial cells arose in 0.5 mol. KCl-solution and 
after about ten minutes the vacuolar demixing was found. The granular staining 
seems to be observed in some cases. Crystal violet (0.0025%, 20mins.); The results 
of the staining were good. The cytoplasm and membrane of the rhizoid, the sper- 
matids which were in or out of the antheridia, the caps of the glandular hairs were 
stained in weak violescent colors. Fast green (0.01%, 30mins.); The cytoplasm of 
the rhizoid, the spermatids, and the caps of the glandular hairs were colored in faint 
green, Indigo carmine (0.01%, 1h.), Light green SF (0.01%, 30 mins.), Methyl green 
(0.01%, 1h.), Methyl red (0.01%, 20 mins.); These four dye solutions did not stain 
all structural elements of the prothallium. Rhodamine B (0.2%, 0.02%, 0.01%, 20 
mins.); The staining was effective. The membrane of the prothallial cell might be 
colored in slight violescent. The cytoplasm and membrane of the rhizoid, the sper- 
matids in the antheridia, and the caps of the glandular hairs showed the same 
results. Safranin (0.05%, 0.1%, 20 mins.); The staining gave good results. The 
membrane of the prothallial cell, the cytoplasm and membrane of the rhizoid, and 
the spermatids were stained in red. Tyvopaeolin 000-1 (0.005%, 30mins.); The pro- 
thallial cell membrane and the spermatids were colored in faint orange. Trypan 
blue (0.1%, 20mins.); The spermatids only were stained in slight blue. In the 
cytoplasm of the rhizoid the vacuolar demixing was observed. 

In the plasmolyticum of 0.5mol. KCI- or 0.5 mol. CaCl,-solution the plasmolyses 
of the prothallial cells arose. 

(7) Thelypteris palustris Schott. 

Malachite green (0.02%, 10mins.); This dye solution stained the cytoplasm of 
the rhizoid, the caps of the glandular hairs, and the spermatids in weak bluish 
green. 

(8) Asplenium Sarelii Hooker, Drycpteris saxifraga H. Ito. Asplenium Tricho- 

manes Linnaeus, Plagiogyria Matsumureana Makino. 

Methyl violet (0.005%, 10 mins., 24 hs.); These four species were treated with this 
one dye solution. The cytoplasm and membrane of the rhizoid were colored in weak 
reddish violet and the caps of the glandular hairs (in Dryopteris saxifraga) (Fig. 8) 
and the spermatids (in Asplenium Sarelii and Plagiogyria Matsumureana) were also 
colored. The cytoplasm of some rhizoid showed the drop-like demixing in 0.5 mol. 
KCl-solution (immersed for thirty minutes), after staining with this dye solution (for 
about ten minutes) in Dryopteris saxifraga H. Ito (Fig. 9). 

(The present report will be continued by the following paper.) 
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Figs. 1-10. The vital stainings and the phenomena accompanied by them in fern-prothallia. 


1. The plasmolysis types of the prothallial cell in Athyrium multifidum Rosenstock var. delloide- 
um Nakai. a. Dipped in 05 mol. KCl-solution (10 mins.), after stained by 0.002% dahlia violet. 
Convex type. b. Dipped in 0.5 mol. CaCly-soJution (10 mins.), after stained by 0.002% dahlia violet. 
Concave type. 

2. “Systrophe” in the prothallial cell in Ctenilis quelpaertensis H. Ito. .Dipped in 0.5 mol. 
KCl-solution (6 hrs.), after stained by 0.002% neutral red (30 mins.). 

3. The vacuolar demixing of the cytoplasm of the rhizoid in Dryopteris cystolepidota C. Chri- 
stensen. a,b. Dipped in 05 mol. KCl-solution (20 mins.), after stained by 0.0526 methylene blue (30 
mins.). c,d,e. Dipped in 0.5 mol. KCl-solution (20 mins.), after stained by 0.02% pyronin (20 mins.). 

4. The condensation of the cytoplasm of the rhizoid in Dryopteris cystolepidota C. Christensen. 
a,b. Dipped in CaCl»-solution (20 mins.), after stained by 0.05% methylene blue (30 mins.). Dotted 
portion shows the condensed cytoplasm. 

5. The polar staining of the cytoplasm of the rhizoid in Pentarhizidiun japonicum Hayata. 
Stained by 0.01% erythrosin (20 mins.). Dotted portion shows the stained cytoplasm and the stain- 
ing of the apical portion is deep. 

6. The granular staining of the cytoplasm of the rhizoid in Pentarhizidium japonicum Hayata. 
Stained by 0.02% magdara red (2 hrs.). 

7. The nonhomogeneous staining of the rhizoid in Pleridium aquilinum kuhn var. latiusculum 
Tagawa. Stained by 0.005% fuchsin red (10 mins.). Dotted portion shows the stained cytoplasm. 

8. The staining of the cap of the glandular hair in Dryopteris saxifraga H. Ito. Stained by 
0.005% methyl violet (10 mins.). Oblique lines show the stained portion. 

9. The drop-like demixing of the cytoplasm in Dryopteris saxifraga H. Ito. Dipped in 0,5 mol. 
KCl-solution (30 mins.), after stained by 0.005% methyl violet (10 mins. ). 

10. The vital staining of the prothallial cell membrane drawn schematically in Pteridium 
aquilinum Kuhn var. latiusculum Tagawa. Stained by 0.05% thinin (10 mins.). a. pH 40, b. pH 6.4, 


c. pH 8.0. 


Formation of Starch in Storage Organs II 


The Starch Formation in Maize Kernel* 


By Shichiro Hor1** 
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In a previous paper a histochemical investigation on the distribution of phos- 
phorylase in potato tuber and the formation of storage starch therein was briefly 
reported (Hori, 1954). In extending the study to the starch seeds experiments were 
conducted on the starch formation in the maize kernel. 

Phosphorylase in maize kernel has been investigated quantitatively by Nakamura 
and Toda (1951) who found the presence of a considerable amount of this enzyme, 
but no histochemical studies have so far been available on the distribution and 
activity of it. 

The present communication describes the results of the experiments on the histo- 
logical distribution of phosphorylase and the formation of starch from several kinds 


of sugars. 


Materials and Methods 


In the immature maize kernel storage starch was found mainly in the pericarp 
and scarcely in the nucellus, endosperm and embryo; but with the progress of 
maturation storage starch became filled in the endosperm and embryo in considerable 
amount but very little in the pericarp. It was found very difficult to remove the 
storage starch from the fully matured kernel, but not so from the less matured. 
All the samples employed in this experiment were taken from the immature kernels 
such as shown in Figs. 2-4. Among various procedures tried to remove the storage 
starch, the following was found to be the most successful. 

The ears with the husks were cut off from the plant and kept in the dark with 
the cut shank immersed in distilled water. The storage starch in the kernel could 
be removed within 1 or 2 weeks, the duration differring with their ripeness degrees. 
In the endosperm cells of the immature kernel from which the storage starch had 
been completely removed, many amyloplasts were found around the nucleus and close 
to the cell wall (Fig. 5). 


* The writer wishes to express his sincere appreciation for the valuable suggestions and criticism 
received from Professor T. Miwa, Botanical Institute, Tokyo University of Education, where this 
study was made. 

** Biological Institute of Kushiro Branch, Hokkaido Gakugei University 
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For examining the histological distribution of phosphorylase, free hand sections 
from starch-free kernels were incubated in a 0.5 per cent Cori-ester solution, buffered 
at pH 6.0 with sodium acetate. After keeping them in the dark for 24 hours at 
20°~25°C., they were examined under microscope, staining with iodine. The quantity 
of phosphorylase within the cells was roughly estimated by the amount of starch 
produced from Cori-ester. : 

The starch formation from sugars was tested as follows. ‘The kernels which 
had been freed of storage starch were plucked off from the cob and immersed in 
various kinds of the sugar solution. After keeping them in the dark for several 


days, the sections from them were examined for the starch formation with iodine. 


Results 
1) Distribution of Phosphorylase 


The histological distribution of phosphorylase in the maize kernel is shown in 
igo. 

As shown in Fig. 1, phosphorylase was found abundantly in the endosperm and 
embryo but little in the pericarp; 
and within the endosperm it was 
richest at the base. The enzyme 
content in the endosperm of the 
immature seed was large as com- 
pared with that of the matured. 
The enzyme was also found in 


the nucellus when the kernel was 


very young, especially close to the 
endosperm and at the upper peri- 
phery. It was further detected 


in the sieve tubes but not in the 
vessels. 
The products from Cori-ester 


Fig. 1. Diagrammatical illustration of the histological 
distribution of phosphorylase in the maize kernel. Both eg 
of the figures, A and B, are the median longitudinal stainable violet with iodine, as- 
sections cut at right angles to the flat surfaces of the sembling around the nucleus, so 
kernel. Density of dots indicates the relative intensity 
of phosphorylase reaction with Cori-ester. ; 

Pp, pericarp; i, seed coat; nu, nucellus; en, endo- spherical group of violet grains 
sperm; em, embryo; A. immature kernel; B, nearly in the midst of each cell (Fig. 8). 
matured kernel. 


in the endosperm cells were grains 


that they appeared in form of 


The products in the nucellar cells: 
were small granules or branched chains of granules stainable violet with iodine, 
spreading into the cytoplasm (Figs. 9, 10). 

2) Starch Formation from Sugars 

When the kernel was immersed in various kinds of the sugar solution for more 
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than 5 days, starch grains were produced within the endosperm cells. The forma- 
tion of starch was little affected by whether the kernels had been kept floating on 
or immersed in the sugar solution. The starch grains thus formed showed the same 
appearance as the natural storage starch, stainable violet blue with iodine and crowd- 
ed around the nucleus, appearing in form of large spherical mass in the midst of 
each cell. They were supposed to be derived from the amyloplasts which were 
found around the nucleus (Figs. 6, 7). 

The formation of starch in various kinds of sugar solutions is given in Table I. 


Table I. Formation of starch in the endosperm cells of the maize kernel 
in various kinds of sugar solutions 


: | Concentration of sugar | Incubation time Starch test 
Sugar supplied | solution % day 3 
| Baer = 
Sucrose | 10 | 7 Ht 
| | 5 + 
Maltose » 5 decay 
5 ++ 
Glucose | 9 7 tit 
| | 
Fructose | ” | 2 HM 
= 5 + 
Galactose | ” #/ decay 
5 plasmolysis 
Sucrose 15 7 death 
\ 5 5 ++ 
” a tt 
” | a4 J = 
Temperature, 20°~25°C.; —, no starch formation; +, trace; ++, intermediate; t+, abundant. 


The starch formation required at laest five days of incubation under these 
conditions. Sucrose, glucose and fructose were the most favourable for the starch 
formation, while maltose and galactose formed starch but little for five days of in- 
cubation. In these sugar solutions the kernels decayed after seven days. The higher 
concentration of the sugar solution caused plasmolysis and no starch was formed 
while the too low concentration was ineffective for the starch formation. 


Discussion 


In the maize kernel, phosphorylase was found mainly in the tissues containing 
storage starch, such as endosperm and embryo, but as well as in the tissues devoid 
of storage starch, such as sieve tubes and nucellus. These features represent a 
Striking resemblance to those in potato tuber as previously reported (Hori, 1954). 
Hence it may be suggested that this enzyme not only plays an important role in the 


starch formation in storage organs but also has some relation to the translocation 
of a carbohydrates in sieve tubes. 
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The products from Cori-ester in the maize kernal differ most remarkably from 
those in potato tuber in form and iodine colour, that is, in the former the colour is 
violet and the form is granular or branched chains as compared with the latter, 
whose products are pure blue with iodine and only granular. In the endosperm 
they are produced in the amyloplasts around the nucleus in closely similar manner 
as the starch formation from sugar. From this, it seems quite possible that phos- 
phorylase is contained in the amylopasts from which either starch grains or the 
products from Cori-ester arose. This fact seems to confirm the findings of Yin See 
that phosphorylase is located exclusively in the plastids. 

On the other hand, Stocking (1952) reported that polysaccharide synthesis occur- 
red equally outside the plastids of starch-free leaf cells by the action of phosphorylase 
upon Cori-ester. The writer also showed in the present experiment the formation 
from Cori-ester of starch like substances in nucellar cells and sieve tubes, both of 
which usually lack plastids and starch grains. In potato tubers similar phenomena 
were also observed (Hori, 1954). These findings are obviously inconsistent with the 
statement of Yin (1948, 1949) that phosphorylase is not detectable in those plant 
tissues where no starch grains are formed and that the presence of this enzyme is 
rather intimately associated with plastids. Accordingly further investigations seem 
to be needed for the solution of the problem as to whether or not phosphorylase is 


really localized exclusively in plastids. 


Summary 


1. The histological distribution of phosphorylase in the maize kernel and the 
starch formation therein were investigated. 

2. In the mature kernel phosphorylase was found mainly in the endosperm and 
embryo, especially abundant at the base of the former. In the immature kernel in 
which the endosperm and embryo had not yet fully developed, the enzyme was 
detected mainly in the nucellus, and when very young, also in the pericarp. 

3. The products from Cori-ester in the endosperm were grains stainable violet 
with iodine, arising from the amyloplasts around the nucleus, while the products in 
the nucellus were small granules or branched chains of granules stainable similarly 
as those in the endosperm, dispersing throughout the cytoplasm of the cell. 

4. By supplying each of the following sugars through the kernel stalk, starch 
grains were formed in the cells of the endosperm: sucrose, maltose, glucose, fructose 
and galactose; among them, sucrose, glucose and fructose were found to be the 


most favourable. Under these circumstances the starch formation occurred in the 


amyloplasts which were located chiefly around the nucleus. 


Literature 


1. Von Ohlen, F.W. Amer, Jour. Bot. 18: 30-42 (1931) 
2. Sharp, L.W. Introduction to Cytology. 65 (1934) 


232 fi tm "%% RE BR 67 4A BB 795—796 & HB#0 29 42 9-10 A 


3. Hanes, C.S.. Proc. Roy. Soc. 129: 174-208 (1940) 

4. Yin, H.C. & Sun, C.N. Science 105: 650 (1947) 

5. ——. & Tung, Y.T. Science 108: 87-88 (1948) 

6. ———. Nature 162: 928-929 (1948) 

(on & Sun, Cc, NN. blant Physiola 248 103-0l0EC1949)) 

8. Dyar, M.T. Amer. Jour. Bot. 37: 786-791 (1950) 

9. Curtis, O. F. & Clark, D.G. Introduction to Plant Physiology. 218-219 (1950) 
10. Nakamura, M. & Maruo, B. J. Agr. Soc. Jap. 25 (5): 245-248 (1951) 


1]. ————. & Yamazaki, K. J. Agr. Soc. Jap. 24 (6): 197-201 (1951) 
2a J. Agr, Soc. Jap» 24°C7)5299=3027 195) 

1 J. Agri Soc, Jap. 24 (7): 302-3809" 951) 

Ape kr oda, Hs seAgr SocuJaps25) (>). 248-252), 95) 


15. Baba, A., Shimabayashi, Y. & Iwamoto, K. J. Agr. Soc. Jap. 25 (5): 252-254 (1951) 
16. Siegel, S.M. Dynamic Aspects of Biochemistry. 2nd edition. 129-133 (1952) 

17. Stocking, C.R. Amer. Jour. Bot. 39: 283-287 (1952) 

18. Ono, H. Bot. Mag. Tokyo 66: 777-778 (1953) 

19. ————. Bot. Mag. Tokyo 66: 781-782 (1953) 

21. Nakamura, M. Nature 171: 795-796 (1953) 

21. Sumner, J.B. & Somers, G.F. Chemistry and Methods of Enzymes. 321-358 (1953) 
22. Hori, S. Bot. Mag. Tokyo 67: 789-790 (1954) 


Explanation of Plate 


Figs. 2-4. Median longitudinal sections cut at right angles to the flat surfaces of the kernel, 
showing the various developmental stages. Fig. 2, youngest; Fig. 4, most developed; p, pericarp; 
nu, nucellus; en, endosperm; em, embryo. All x14. 

Fig. 5. Starch-free endosperm cells of the same section as in Fig. 3, showing the amyloplasts 
around the nucleus and close to the cell wall. x 200. 

Figs. 6, 7. Longitudinal sections of the endosperms of the kernels, showing the starch grains 
formed from sucrose; representing spherical groups around the nuclei, stained with iodine. Fig. 6, 
section from an immature kernel as in Fig. 3; Fig. 7, section from a further developed kernel as 
in Fig. 4. Both x50. 

Fig. 8. Magnified view of a portion of the endosperm shown in Fig. 3, showing the products 
from Cori-ester, in form of spherical masses around the nuclei, stained with iodine. x50. 

Figs. 9, 10. Magnified views of the portions of the nucellus shown in Fig. 3, showing the 
products from Cori-ester. Fig. 9, prducts in form of small granules; Fig. 10, products in form of 
branched chains of granules. Both x 200. 
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On the Abnormal Embryos of Sargassum 


PRrotU7C, THEA HICHSSE LL, SSAA, 13+ 
4°C DO, FER ZEDASW, BSAC ER 
feat, TUPI L, BS, POH 
Metuke, MMMMORFLMZARE, AO 
Uv AK HICHSZE L, SACU, CRF 27 
f&, And OAS MBK ICH LK Blk, TN 
C, DIARRA Cdn. CORERVUE, 
RUBE, BO AAtPRAR LK, &< ER 
(PRES AiO 


i z 


1 VYVREF = RRMA ORMLKUM, 
Text-fig. 1 © a~d Icma&NDZ, HRMBEO 
FELIRVUS, BAT v € = 7 WEAKTAYR CALE St 
Teo I(t, Text-fig. 1 © e~h RSH 
ZL5K, SCR CH OR, MAK CMS 
WBS IK Text-fig. 1 DO i~x ICHENSDXB 
th, SO OREMAEOCW RS lb, Text-fig. 
1st, ijt, BREED TC, Hee 
TMD IRR SRA AAR L, k Uk, FRAT 
OYA TIC, Tee7e, MIBK ¢ RN 
tAERenrMeaRL, 1k, SHRORA IO 
FRC, Fez Te MARAT AY S AURA AL, m~p 
(t, (MIO Re Fic, ALAN Ze ARAB 
fanaa abit Meal, a (hk, PALO 
Fy AEFI TEN C, AW7GS: Te RMN TERR S a 
PAL, vk, (LMA OTR ILIE RT 7223, 
RAMI Doo ADA BLANC FF AAT Pl AL, s, t 
(k, ADMIODG AICS LC, (HMO oF 
DFbONEMEAL, u lk, HKORO— mc, 
562 Te MND TE Sa, fhO— wile, AACS 


* UAE RRA. PAE ERR TOTS No. 17 ran 
A EEE Ee ase, PLR PBR FS No. 42, Se ROTA 


LOD, Beate 407081 


234 fi Ym = HE ad 


[ory 


Go 


S EY CD 


—_— 


ne 


Text-fig. 1. Abnormal embryos of Sargassum patens C. 
AG.. a~h) Normal course of the embryo-development. i, j) 
Embryos having an incomplete segmentation-wall, without 
any nuclear divisions. k) Embryo having complet esegmen 
tation-walls and a complete rhizoid-cell at the same _ time, 
without any nuclear divisions. 1) Embryo having an oblique 
segmentation-wall. m~p) Embryos having no rhizoid-cells, 
segmented irregularly their body by segmentation-walls. q) 
Embryo having an incomplete rhizoid cell, overcome exclusi- 
vely by the segmentation of the body. r) Embryo having 
a complete rhizoid-cell, segmented irregularly in its body. s, t) 
Embryos having a complete rhizoid-cell which divides into 
two daughter rhizoid-cells previous to the segmentation of 
the body. u) Embryo having a complete rhizoid-cell and 
an incomplete one at the same time. v~x) Enbryos having 
two complete rhizoid-cells which are liable to divide into 
daughter rhizoid-cells previous to the segmentation of the 
body. x 100. 
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Text-fig. 2. Abnormal embryos of Sargassum Horneri (TURN.) AG. (2 days after fertilization). 


a~e) Normal course of the embryo-development. 


f,z) Eggs having 9~11 masses of chromatop- 


hores. h~j) Eggs having remarkable protuberance at a part of them. k~p) Embryos having 
irregular segmentation-walls, without any nuclear divisions. q) Embryo having no rhizoid-cells. 
r) Embryo having a normal rhizoid-cell, segmented by no segmentation-walls in its body.  s, t) 
Embryos having a rhizoid-cell at the abnormal position. u~w) Embryos having two rhizoid-cells. 


x) Embryo having three rhizoid-cells. x 75. 
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Text-fig. 3. Abnormal embryos of Sargassum Horneri (TURN.) AG. (5 days after 


fertilization). a) Two celled embryo. 


b) Embryo having no rhizoids. c) Half 


embryo. d) Embryo having an incomplete body in segmentation (having 4 rhizoids). 
e) Embryo having 4 rhizois. f) Embryo having 8 rhizoids. g) Embryo havidg ca. 
30 rhizoids. h) Embryo having two rhizoid-groups. x 75. 
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Summary 


In the observations on embryos of the two species in the genus Sargassum, 
Sargassum patens C. Ac. and Sargassum Horneri (Turn.) AG., many anormalies 


have been represented under the abnormal condition which had been derived from 


a small quantity of the ammonium and from the irregular temperature. 


These 


anormalies had been in relation to the embryo-polarity and to the embryo-function. 
Now, the embryo polarity seems to be changeable more or less by the influence 
of environments, and the embryo-function seems to be originally independent from 


each other between the body and the rhizoid. 
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flZie ABx(abt+ A’B/) OSEG, Bho 
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(LAID POO EVR ORICA OMBT 24 
DDHO, COE LAS 1 UCI CHRO 
PESEMICMEYt UCHINZRACS S28 
bN45 CUCHFRADINF WOW ELD ORAS 
Ala L, WARTS L CHF IF RESO CHS, 
COMBO, THAOMONAAEE, WAS Iv 
DID, WRRORECS SKRO AB, AB! 
D2, BAMO MCI O EE CAVICRS 
Bs, BARB cls, SLPBBCHOCW SS 
fOX5 it AB, AB! HAVRE 2 (KO ABx 
(ab+A/B’) REGIE, 
DYAROHICEAE SKM, COW, MST 
40 B3, BB 4 HERABAZRUIMSTS 
PABERTF SOLA, COMBECRHAS < dS, 
FRASEEDPIT HEN, BERT SOMO ARB ICD 
C79, ONE, ERS BAMATSMITS < 4B 
BWICEOC LE DECHS5, DEOL LEEK 
AHN RVIT S E65 1 NOLS CHS, 

TCORROBRE RING Stew, Fito Pix 
(Po+Ky) RRO 3 (OCH Pi ic, AA 
DP, & Ky SMD UAB REMLE LE 
4, 3 ORR VICHIHEO, LOBOK 
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i PUfmieEO wv YY eb a Coprinus ma- 
aay : 5 
crorhizus Rea f. microsporus Hongo # 


z 3 it Co a - as ie! PD FAV CHUA ATEMA AIC kB diploidi- 
wy sation ORR TOR. KBE CIL—-O 

Wale yisee-< OUD ABHAC, Cd LA LIBS ER 

Br ee a ist & (HFRS & DRAKA A RA do Ah fe 

pes x 6, + (8 jim (& ~ HE REBEL, YD OM AMETIICK 


BRO KL ME CE Sok, MERIT 

PB Agla , POIROT ERT EA DHE, HIAMICE IO CHK 
MEd Ut: 2 Riko wEHLO PERE TEN 

KEWELL Te < MAIO KDA L te 


Pi P2 Ki Pi Ki 
€ S / ee 2s, SEVER BED it ARO RSME Lie 
x + a 
c® ( Bet Botrreo thKROMAMFs LRBES CS, 
2B K ROMEO ROWE CT: KACO URE CL RMD AMAT SZ E45 


E7UD Po, K1 DHFHe-RK oe LSI A OUI MET SEMBLE, 
BUCCI, C OBABUL A SAvie< te 
Svy Ki DME CH 2 A) CINML2GO5 6, HEMI MSTAZRIIKE 
aD 2 Rist DO BKAAOMEBICIL, VAW4O HOWE MRR RROK LOS YD, HF 
RED bStMbh, & LHOIFBICKE\ 27% DAC 2 YOMST OR, ARMAS, Vaan 
MrMebteb, B3KRECCK., BAK Dirb, KACCILEOD Sth ORs MeKwEL 
LUALMETAZBOBRE RIT CHAS L, HA CHBILIVSD, (RBIS, BOOKA 
sities, Pix(P2t+Hi) OBED 14 ICH 2 DEAD (OCW S, OWI, EBSA 
FUCRICA EA bk kSo Ek, Masha FSZDILHAMICHOCLEXS 40 LB2b6n 
IBA t DiMA Li 5 145 fe LeU PRB So &t, AiPHOVMEIPROER, BUCH 
DH CLLBAROEA Tom, Bit he 2 TRH PEM DPRBED SE BIC KS VB GladE LC, 
IPBICDEWOKRH MRD 6 ARMOR Ma SEPARA BEOG (XO 5 ISLA So 


Wetec S40t bre. 


Summary 


A study was made on the diploidisation in Coprinus macrorhizus Rea f. micro- 
sporus Hongo (a tetrapolar fungus). A large haploid mycelium of a certain strain 
was inoculated with a small diploid mycelium containing two nuclei, one coming 
from the same strain as the former and anothér from a different strain, but both 
being compatible with the nucleus of the large haploid mycelium. It was known in 
this experiment that if each of the two different nuclei in the diploid mycelium had 
come from the mycelia of distant habitats the nucleus of the large haploid mycelium 
always conjugated with that of the different strain, instead of the same strain, but 
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if they were of rather near habitats, conjugation with the nucleus of the same 
strain took place sometimes. 

In the next generation of the nuclear conjugation between different strains, 
however, the nucleus of the same, but not different, strain in the diploid mycelium 
was conjugated with that of the haploid one. In this way, the nucleus to be con- 
jugated with the large haploid mycelium alternated in every generation, but after 
several generations this nuclear alternation was not observed. ‘This phenomenon 
may well be explained on the assumption of caryoplasmic difference; thus, in case 
when two strains are different in caryoplasmic constitution, the nucleus of the differ- 
ent strain is possible to conjugate with that of the large haploid mycelium in the 
first generation. The nuclear fusion in a basidium, however, may result in their 
caryoplasmic contents thoroughly blended and equalized. Therefore, in the second 
generation the nucleus of the same strain which becomes different in caryoplaemic 
contents from that of the large haploid one replaces another nucleus. But, the 
caryoplasmic difference between the two nuclei in the diploid mycelium gradually 
decreases with generations, which enables either of the two nuclei to conjugate 
freely with that of the haploid mycelium. It should also be presumed that if the 
distance of the habitats of the two strains is larger, the caryoplasmic difference be- 


tween them would perhaps become larger. 
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On the Chromosomes in Some Mosses VII 


Chromosomes in two Genera of Polytrichaceae and Other Eight Genera 
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BALI A+ a 7E (Polytrichaceae) D 3 
EB (Polytrichum, Pogonatum, Oligotrichum) 12 
HORII CTOREAM, MHLRHL, % 
D5 OO 5 CEREAL (REF1953, 
1954), SHECRMRO7Z7 VY sa7EB (Bartra- 
miopsis) }2U: + 2 7B, (Catharinaea) DNS 
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Table I 
ms . Hf [ 
| fi Py Z HEB es) Ke zy) PRERHL 2 
Polytrichaceae ee, 
Catharinaea xanthopoda Card. | VCH) +3V4+2)+m(h) ait 
Bartramiopsis Lescurii (James ) fo) | V(H)+3V4+2J+m(h) Wrtll, 
Card. et Thér. | be: Aspe 
Dicranaceae | ; ay 
Dicranella heteromalla (1..) | 13. | 2V(H)+2V+2J+6(4v+2j)*+m(h)) We 
Schimp. 
Grimmiaceae a 
Rhacomitrium hypnoides (L.) 12 | V(H)+J+9*+m(h) waw 
Lindb. 
Grimmia patens (Dicks.) Br. eur. | 4 22 VCH) ATs teeth) BELL 
Rhizogoniaceae | 7” 
Rhizogonium Dozianum Lac. 9 8 | V(H)+2V+J+4+214+ m(h) ra i MeL 
Trachy podaceae ; A 
Duthiella speciosissima Broth. 10 | VCH)+2V+4+6(4v+2j)*+m(h) Bei 
Neckeraceae ae 
Neckera humilis Mitt. $ 10 | 2V(H)+V4+2J +4(2v+2j)*+m(h) | AuBAYy 
= | 
Lembophyllaceae $ ; 
Dlichomitriopeis diversiformis 96 |°10 | VCH)+2V+6(4v+2j)*+m(h) Way 
(Mitt.) Nog. | . 
D. crenulata Okam. 26 10 | VCH)+2V+6(4v +2j)*+m(h) WewW 
Isothecium hakkodense Besch. 2 10 VCH) +2V + 6(4v +2))*+ m(h) (ade: Peas 
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Catharinaea xanthopoda Card. (Figs. 
1-4) 

XRF aie (Catharinaea) “Cli BiicAha CH 
fafAD ESE Sd. (HF 1904, Heitz 1928, 5H 
1937, fH 1951, 1953), HICK B(LT OPA 4b 
WA LCS, SHAS bic RORBERO C. 
xanthopoda OVER AE Ts RY CH EIKD ARS 
FFOKR. AMOEBA MOBS Ci 
BRN=7 Choo D5 ERKDO V KLOE)O 
m(iktntnRR eal H RU h CHOOT, 
CBOE UO it GENAPEL EE B50 C i L 


Gia-5 > > f 


Fig. 1-8. Ax¥ 278 2 MOURA YL Ree 
(Chromosomes and heteropycnosis in two 
species of Polytrichaceae) 1-4. Catharinaea 
xanthopoda. 5-8. Bartramiopsis Lescurii 9°. 
x 4000/3 


v the J Bp’ x 
H wu 2) = \ — yee rea 
hoe SEES Se a 
h \ USO mere wy eee 
Bem No Fond EAR 
C74, ae eee 


LAK ATES (Polytrichum, 
Oligotrichum) D H,h DtNEMM ETB 
BF 1953, 1954), FLD UC AL ERA AS te 
2Ver ower 1V,1J Lh bpocwS., 

AI DARO RIE K(n)=7=VCH)+3V42J+m 
(h) GREENS, HOT FH OFAMTR (1951, 

1953) 23 Catharinaea angustata, C. gigantea |Z 
CH LICH RUGER (1953, 1954) 23298 2 
TRO bad 3 BCR LRA EMTS. 


Pogonatum, 


_ Bartramiopsis Lescurii (James.) Card. 
et Thér. (Figs, 5-8) 

ZY Vv tie, (Bartramiopsis) ORITOW 
TILA RE AOR SNKLORERO SH 
WBSHEDL B. Lescurii OMEROACHS|B, 
4 OPAL (REF 1953, 1954) O24 a BL 
SBOtH ele Kn) =7=VC(H)+3V42J +m 
(h) Ch. AMO H OMAR AKO V 
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Chad, LORS S (LPR HICSS qt BT 
BRAS <, AERO & walcae < eh 2 [AO 
PEAR D SAK CAULREHO AY PTO 
LOA SNMCECH OK. HAM AIK 
UV LARIER RICE H RO h CHS ONES Te 
Ye AEibOB, COMCLOWMS< ONS 
YefaPADAD SNS. COLL H, hYUMO 
&¢ OB RBAC 6 PALER L OM AM Ad 
ScLRRATELDECHA350 

A¥ tT RORNC OW CHS (TBE (SF 1953, 
154) TUICKRO LORPRES e 5 14 HO 

eke ABLE LICRS, CHERBE 

SFSEROMAPRAESNS. 

a) AF aT HORM KM)= 
7=V(H)+3V+2J4+m(h) GRE, BLU 
FUMED TBD 51140 RUM * ORAKOP 

AeA REMIT IEEE ST SL RIC LOCEDRER 
% ASS EDHBES 
b) PREY (KIS Polytrichum alpinum, Pol. 


piliferum, Pogonatum urnigerum, Pog. co- 


=a 


ntortum, Oligotrichum aligerum OSf8°G 
AW Shk. COPAEAH X (Le hese hy 
BHR, Y (3 LS AS RRBA CECH 
meek H Cho. TLC X kU Y OF 
EME UIC FR is GONE (SF Bia AL UE < HEC 
Weis 
c) Polytrichum yezoense (t—f¥PRiR Cb 
D, FHEMEIRRG Ore (SeHF 1953), fREO 
ZFS RAE © HEME © ES AR PEAR Te 4 DIT FAY 
dao 
d) Bartramiopsis BIXfhO 4 Be & tt> \ FRE 
ST ORSHNHEE RT o 


Il 4018 889 Boa 
Dicranella heteromalla (L.) Schimp. 
(Figs. 9-12) 
K(n)=13 =2V(H)+2V +2J+6(4v +2))-+m(h) 
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Figs. 9-36. 8 EB 9 HOA (KLAR 
(Chromosomes and heteropycnosis in 8 genera 
9 species studied ) 

9-12. Dicranella heteromalla. 13-15. Rhacomitr- 
ium hypnoides. 16,17. Grimmia patens 3. 
18, 19. Rhizogonium Dozianum ¢. 20, 21. Ditto 
6. 22, 23. Duthiella speciosissima. 24-27. 
Neckera humilis $. 28, 29. Dolichomitriopsis 
diversiformis 9. 30, 31. Ditto 6. 32. Dolicho- 
mitriopsis crenulata 9. 33, 34. Ditto 6. 35, 
36. Isothecium hakkodense. 4000/3 


Rto CHEK LO HW it-WMOPRBC—K 
ALA L, (HADDAD BRL RT. HRA 
ICHHSES Z Be RIT AHO THI OLGLS 
PEW DDO m 4 RAREKCHS. HH 
faARILIEREAS He 2v, 2j cre 6 RAK 
LOMA. CHENG Ie 6 BADR fires 
FEA DNC 7p Lew as, (Ee 4 Ale V, 2 fH 
li J BCHSZo 


Rhacomitrium hypnoides (L.) Lindb. 

| (Figs: 13-15) 

K(n)=12=V(H)+J+9+m(h) 

ARPES HME FERED C b> D DOPFEIC HD Bate 
PPE OPEBIIZARHAS H IXEKD V, bh (teh 
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JG" OS Ses yAyAL tes HIRT J, MO 9 MAIR MeIC ae 0 Wee 
Ls vse 4 L ie KS *. IKS oy, tty TIAN ee ae 
i, . 102 11 * DOANE 9 fA ABO ALts (ABTS 
135, 12 ROPAMBIR (457 1951) ORR 
a He ie \ fi <1 ® Rha, canescense, Rha. canescens var 
ayo BY UPI Sie (ie eee , 
“213 0 14 oe reais ericoides E(ES|ARECHS. 
— eh 17 Grimmia patens (Dicks.) Br. 
Vea U il —_D St seeee eur. (Figs. 16-17) 
FEE ‘Se o\ “ i oes K(n) = 22=V(H)+2J+18+m(h) 
a ‘ ; meer | HERD HILBAD V, h (XBybO me 
her re Jy (oo SS ~, isk : 20 HO ARE IAD 5 2 MAIL EEBHIK 
eerie ty are. Ee Oe Joti ie mingle Loe 
ao me Pag BLE. CHE OWA KO BIA Lad 
A, Hoe ie 1) ree ee eae BMOtHCL < MULT 
oe A ie bs wr) ‘ ~ ue VO As, HFC TD AYA Ae PEW T TUE, 
Sear 27 28 29 TS 3 5 ; HE ADA CI Rhacomitrium |x. 
=> ae er ie! ee ee IRD EBS 
Doha oS) EE 
) 33 eae $4 35 *e- Rhizogonium Doziaum Lac. 
34 36 


(Figs. 18-21) 

K(n) =7= V(H)+2V+J+21+m(h) 

HATE D YLES AK DIZ HED O Beis BED TK 
RED Heme AAD, WEMEOANC AZO 
me Ri LBipOr, CNR 
(1937) OHSi§ LR LOA LARCH S. 

Duthiella speciosissima Broth. 

(Figs. 22-23) 

K(n)=10=V(H)+2V + 6(4v + 2j) + 

m(h) 

Ay Fill (LHHEME SEER GC do D A MOPFEIS FAV Fe 
MEOPERELARE CHO 8 MAD YLArA 2 
MLAS te V, tho te 6 ARIES Av 
ZY CtoDo 


Neckera humilis Mitt. (Figs. 24-27) 

K(n) =10=2V(H)4-V+2J +4(2v +2J)+m(h) 

EMER IeKO 2 BtetkK CV) te{ijivh 
ChO2D, WA OWI VU Bit BPE (LS YO 
Ki Dib DS. Mb—-HO H (t—- WORT HAE 
ORR ADL GA, AAD AW te 
wrt, CHICK LAO H CIRO BALIBY 
bhi, HOO H Che Ze Be T A 
BDOENICIEL THC So 7 MAD BAEK 
3% 3 fA (V+2)) (ret KS2MbO 4 fl 
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(2v+2j) lk S\>0 FSA LiBte doko £35 b D. diversiformis D 
Dolichomitriopsis diversiformis (Mitt.) H 0—MOB BO = Kpe72 (THAR LIE LIE Z 
Nog. (Figs. 28-31) DPRAEBD A < AHO, FBABD A BEARIC Ze CHL 
D. crenulata Okam. (Figs. 32-34) (IHS, BYALA GLE 2 fH CV) (RECHEK 
Isothecium hakkodese Besch. (Figs. x, fHOD 6 {fl (4v42j) [X7pSv>., 
35-36) 
K(n) = 10= VCH) +2V + 6(4v + 2j)+m(h) AEE D BREF IT 24 0 GAYS eV Fe SVP 
3 falti—B} (Lembophyllaceae) \CiR Litt +, WOICHRMBOMER UC FF0DR FAT 
Chad, F OME ABILS L< n=10 Ch 0% EMUME OPREICO & BA elk SORA 
FY AIS SMW LCS Dolichomitriopsis x 2 SLO) ail Late KFS 0 
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Résume 


Eleven species of mosses were investigated cytologically with special reference 
to their karyotypes and heterochromosomes. The results obtained are as follows; 
Polytrichaceae 

Catharinaea xanthopoda Card. K(n)=7=V(H)+3V +2J+m(h) 

Bartramiopsis Lescurit (James.) Card. et Ther. 

C2) K@)=7=V(H)+3V+4+2J+m(h) 
Dicranaceae 
Dicranella heteromalla (L.) Schimp. 
K(n)=13=2V(H)+2V + 2J+6(4v+2j)+ m(h) 
Grimmiaceae 

Rhacomitrium hypnoides (L.) Lindb. K(n)=12=V(H)+J+9+m(h) 

Grimmia patens (Dicks.) Br. eur, C6) K@)=22=V(H)+2J+18+-m(h) 
Rhizogoniaceae 

Rhizogonium Dozianum Lac. C2, 6) K@m)=7=V(H)+2V4+J4+ 214+ mh) 
Trachy podaceae 

Duthiella speciosissima Broth. K(n)=10=V(H)+2V+6(4v+2j)+m(h) 
Neckeraceae 

Neckera humilis Mitt. C3) K@)=10=2V(H)+V+4+2J+4(2v+2j)+m(h) 
Lembophyllaceae 

Dolichomitriopsis diversiformis (Mitt.) Nog. 

C2, 6) KMm)=10=V(H)+2V+6(4v4+2j)+m(h) 

D. crenulata Okam. C2, 6) KM@)=10=V(H)+2V +6(4v+2j) + mh) 

Isothecium hakkodense Besch. (9) K(n)=10=V(H)+2V+6(4v=2j)+m(h) 
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Concerning the Myrsinaceae (‘“Ardisiaceae”) of Japan IV 
By Egbert H. WALKER* 


WALKER, E.H.: HROvHsaY YR (ye XE N+B) COU IV 


Received May 1, 1954 


GENERIC SEGREGATION IN THE SUBFAM. MYRSINOIDEAE 


Nakai keys the members of this subfamily on p. 3 as follows (translation by 
Stroud): 

Endosperm ruminate ............ wives cos occ sse vee ed FIDG, Myrsinedes 
Scrubby trees with many small Aen ag leaves comin poe few in one 

row on the placenta ; flowers in racemes or corymbose panicles... Myrsine. 

Endosperm smooth; flowers in racemes .......... SRC aoe _...Tribe Rapaneae. 
Scrubby trees with procumbent branches; eee eine longer than the 

filaments ; stigma apiculate sak ie es Re a eI IILLOS 
Upright scrubby trees; petals shorter than Acar 
Stigma ovoid or conical with lengthwise ridges and 3 to 5 deep grooves 
ECE aes hn ae ese. ita the vagete vy LA Gneilias 
Stigma ligulate or with ee eat at end ae Peicarieal Ronkionwaa 
ein ae Ee a .. Athruphyllum. 

On p. 131 the genera in Pia ‘Tribe eee are nae as Sesliege (translation 

by Stroud): 

Stigma sessile or ona very short style, ovate, cylindrical or umbrella-form, with 
3 to 5 grooves or many short irregular grooves; scrubby or tall upright 
trees with a single trunk, the branches not procumbent; petals contorted... ... 
Cee i eee .. Manglilla. 

Pistil otherwise. 

Stigma apiculate; scrubby trees with procumbent branches or a shrub 1 to 


2m. high; petals long... Te oe Shee ee ee ee 
Stigma narrowly ligulate ; ee short, ovate; distinctive Hea: or tall trees 
.. Athruphyllum. 


Mez (12) treats all eee (eb Bare with many RIVES in ie . Tribe Myrsineae 
Pax, and recognizes only two genera which are keyed (p. 15) as follows (translated 


from Latin): 
Filament and style present ; albumen [endosperm] ruminate......... Myrsine L. 


* Associate Curator, Department of Botany, United States National Museum, Smithsonian Institution, 
Washington, D.C. 
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Anthers sessile and style none; albumen usually smooth ......Rapanea Aubl. 


Walker (p. 12) keyed these as follows: 

Stigma spreading, flattened and fimbriate or apiculate; style elongates. ...... 
ble bak ano.as cancleaieaeise eee: aeNen eee anne ee ss Neca DAY TSUN: 
Stigma ligulate; style very short or wanting ........0.0....:0. 0000: tapanea. 

There seems to be no conflict between these keys in respect to Myrsine L. Nakai 
divides the eastern Asiatic species which were treated by me as Rapanea Aubl. 
under the generic names Manglilla Juss. and Athruphyllum Lour. Rapanea Aubl. is 
discussed and its types of pistils, notably the stigmas, are illustrated (f. 38) along 
with those of Manglilla and Athruphyllum. We considers Rapanea as confined to 
South America. Amamtia Koidz., based on A. stolonifera Koidz., was considered in 
Walker as Myrsine marginata Mez. Nakai has pointed out (p. 131) that since 
Myrsine marginata Mez has smooth albumen in the seed it does not belong with 
Myrsine, which has ruminate albumen, but in this respect is more closely related to 
Athruphyllum. Because of its apiculate stigmas, long narrow petals, and procumbent 
branches he keeps it distinct in the Tribe Rapaneae as Avzasitia. 

The distinctions between Myrsine and Rapanea are by no means clear nor are 
they uniformly accepted. Mez and Nakai recognize the difference in the albumen in 
the seed. I omitted this character in order to produce a key that was more 
practical for the area covered. In addition I followed Mez’s segregation of these 
genera until a wider range of species and material could be studied. Hosaka in his 
treatment of the Hawaiian species of Myrsine, Rapanea, and Suttonia states (6, p. 
26) that “Mez maintained Myrsine, Suttonia, and Rapanea as separte genera, using 
characters which appear to be entirely too artificial and in disagreement with his 
specific descriptions of Rapanea, in which he includes several species with free 
petals.” Hosaka puts all Hawaiian species under Myrsine. Many examples of 
ruminate and smooth endosperm in various species of the same genus occur in the 
Phanerogamae. The length of filaments and style likewise is very variable within 
numerous genera. It would thus appear that all these genera belong together under 
Myrsine. Looking at the stigmas, a character stressed by Nakai in separating 
Manglilla, Rapanea, and Athruphyllum, we find much variability in form. Nakai’s 
figure 38 on p. 131 is impressive. One wonders why the apiculate stigma of Anamtia 
(see fig. 39) is not shown here. It seems not to differ from one form of the stigmas 
of Athruphyllum. 1 have reexamined the stigmas of many species of Rapanea 
represented in the U.S. National Herbarium. There seem to me to be other 
variations than the three types shown by Nakai. The stigmas of Myrsine africana 
L. and of M. semiserrata Wall., both widespread in eastern ‘Asia, although the latter 
does not occur within the area of Nakai’s work, are within the limits of variation 
of this type of stigma although they are on longer styles. These observations lead 
one to the conclusion, along with Hosaka, that the distinctions between Myrsine, 
Rapanea, Anamtia, Manglilla and Athruphyllum are artificial or at least not 


ve 


a 
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adequate to support generic distinctions, much less the tribal distinctions recognized 
by Nakai. I would, therefore, reverse Nakai’s procedure of making more genera 
and even restore to Myrsine those eastern Asiatic species which Mez recognized in 
Rapanea. 1 am reluctant to apply this very widely and to place all species of 
Rapanea in Myrsine until I shall have more critically examined a much wider 
representation of material of this widespread genus or group of genera, 


Myrsine L. (p. 125) 


Myrsine africana L. (p. 126): M. microphylla Hayata and M. vaccinitfolia 
Hayata are considered synonyms by Nakai. They were also reduced by me in 1940 
to synonymy on the basis of description alone. I have now examined a photograph 
and fragment of the type of the first from the herbarium of the National Taiwan 
University in Formosa. They confirm Nakai’s and my placing of M. microphylla 
Hayata as a synonym of M. africana L. 

The large number of synonyms of Myrsine africana L. listed by Mez, Walker, 
and Nakai, numbering 19, 5, and 25 respectively, shows (1) the variability of this 
widespred species, of which there are many specimens in our herbaria, (2) the 
eagerness of botanists to give names to these variations, and (3) the impossibility 
as yet of recognizing stable taxonomic entities in this species. One is inclined to 
believe that attempts to recognize minor taxa in many other species should also be 
abandoned, or at least that the making of minor taxa where reference specimens 
are few should be done with greater care than has often been used. 

I recognize that many of Nakai’s 25 synonyms are based on nomenclatural 
rather than morphological variations. Four are pre-Linnean names which have no 
reference to Japanese literature and which did not need to be cited for geographic 
or taxonomic purposes, since the foundation of the name is perfectly well established 
with Linnaeus’ Species Plantarum of 1753. Perhaps their citation for historical 
reasons is justified. One of these 25 synonyms is simply a generic citation and has 
no place in the synonymy of a species. Only two of the 25 synonyms have any 
clear relation to the literature on Japanese plants. Thus it seems that the greater 
part of these synonyms are without definite purpose ina regional work such as this. 
Furthermore, the allocation of a name to synonymy without critical consideration 
of the material on which it is founded is a violation of the principles on which 
sound taxonomic work is based. I see no evidence that the allocation of many of 
these names has been done after examination of critical material. Thus this 
impressive list of 25 synonyms has very little worth in a work of this scope. The 
same is true of the lists of synonyms of many other species. There is no need in 
regional treatments to list more synonyms than are needed to clarify the accepted 
name and the published literature on the region treated. 
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Anamtia Koidz. Cp. 132) 


Nakai’s reasons given on p. 132 for maintaining this as a distinct genus seem to 
me wholly inadequate. He lists four species in this genus, two of which he transfers 
from Myrsine, the other two having already been transferred by Masamune. Only 
one of these, Anamtia stolonifera Koidz., occurs in Japan. In my revision (29, p. 
187) this was placed as a synonym of Myrsine marginata Mez, which name was 
replaced by Myrsine stolonifera (Koidz.) Walker after the manuscript was sent to 
press in a “Correction” which was inserted on p. 247.1% However, Nakai rejects 
my synonymy and considers these as distinct species. There is no indication of 
what specimens he had for interpreting Myrsine marginata Mez. However, direct 
comparison of an isotype of Koidzumi’s from the Kyoto University herbarium, now 
in the U.S. National Herbarium, with an isotype of Mez’s species shows no significant 


differences. The proper name, therefore, is Myrsine slolonifera (oidz.) Walker. 


Manglilla Juss. (p. 134) 


The two included species are separated on characters strongly suggesting. varia- 
tion due to habitat. Comparison of five specimens in Tokyo of Manglilla okabeana 
(Tuyama) Nakai with specimens of M. maximowiczit (Koidz.) Nakai adequately 
sustains the reduced size of all parts of the first species. Since it seems advisable 
to combine Rapanea and Myrsine, and as I am not prepared to definitely place 
Manglilla okabeana in synonymy, these must become: 

1. Myrsine okabeana (Tuyama) Walker, comb. nov., based on Rapanea okabeana 

Tuyama, Bot. Mag. Tokyo 52: 465. fig. 2, 3. 1938. Type: Takasi Tuyama, 
Mar. 2 [1], 1938 in “Bonin: Titizima in silvis siccis in Takeda-bokuzo,” 
in the University of Tokyo herbarium. 

2. Myrsine maximowiezii (Koidz.) Walker, comb. nov., based on Rapanea 

maximowiczit Koidz., Bot. Mag. Tokyo 32: 250. 1918. Types: S. Nishimura 
82, 48, and 111 from “Bonin: insl. Chichishima” in the University of 
Tokyo herbarium. 

Nakai rightly doubts the correctness of the determination of a specimen from 

the Ryukyu Islands collected by C. Wright, no. 186, deposited in the U.S. National 


Herbarium and cited by me (29, p. 202) as Rapanea maximowiczii Koidz. This 


Species is known otherwise only from the Bonin Islands. I have reexamined this 
specimen and find it is correctly determined. However, it bears no locality data. In 
preparing my revision I had assumed it came from the Ryukyu Islands, It must 


now be assumed that it came from the Bonin Islands, for ships of the Perry 


14) See also Journ. Arn. Arb. 23: 354. 1942. 


15) In my examination of specimens in Tokyo I found none dated Mar. 2, but did find one 


dated Mar. 1. This is apparently a duplicate of the specimen kindly sent me by the collector and 
discussed in my revision (29, p. 206). : 
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expedition did visit those islands. As yet I have not definitely ascertained whether 
Charles Wright actually did collect in the Bonin Islands. The inexact handling of 
the specimens of this expedition suggests such a mistake could easily have taken 
place. They were numbered in pencil after they were received in the United States, 
perhaps by A. Gray who studied and published on the specimens from Japan, but 
not on those from the Ryukyu and Bonin Islands. 


Athruphyllum Cp. 138.) 


(a). Athruphyllum taiwanianum Nakai (p. 139): 

Three specimens represent this species in the University of Tokyo herbarium. 
One is the “ Type,” clearly so labeled by Nakai in 1914, of which there is now a 
fragment in the U.S. National Herbarium. Another is the sterile specimen cited by 
Nakai. This latter is also the one cited by Masamune and Suzuki in their list of 
the plants of the Island of Kizan as Rapanea playfairi Mez and sent to Nakai for 
examination (see his discussion 18, p. 140). The third is a specimen collected by 
Hayata and labeled “ Myrica morii Hay.” and accompanied by a beautifully prepared 
drawing. Nakai discussed this specimen. 

Nakai’s key may. be translated as follows: 

Ovary 5-angled, the surface verrucose throughout ...................,.A. taiwanianum 

Ovary not angled, the surface smooth... 0... 00... cccccccseancace see cee sss ses saves, Ae SCQUEHML 

His discussion clearly corrects the misidentification of this species by Masamune 
and Suzuki as “Rapanea Playfairi Mez,” although it indicates he knew that species 
only from the literature, presumably mainly from my description (29, p. 200), as R. 
linearis (Lour.) S. Moore1® His comparison with his Athruphyllum seguinii (Lév’1.) 
Nakai (=Rapanea neriifolia (S. & Z.) Mez) refers only to leaf shape. It is also 
compared with Rapanea yunnanensis Mez,” which he transfers to Athruphyllum. 
There is no indication that he had any specimens for interpreting this Yunnan 
species. 

I have carefully studied the type in Tokyo and compared the fragment in 
Washington with the many specimens there determined by me as Rapanea neriifolia 
(S. & Z.) Mez and find no recognizable differences. Comparison of Nakai’s description 
(18, p. 139) with mine (29, p. 203) also reveals no significant differences. JI am 
compelled, therefore, to reduce Athruphyllum taiwanianum Nakai to synonymy 
under his others species Athruphyllum seguinit (Lév’1) Nakai, which must bear its 
original name of Myrsine seguinii Lev’l (See next species discussed). 

-The citation of “Rapanea Playfairi (non Mez) Masamune & Suzuki’ 


? 


as a 


synonym is an example of a simple misidentification presented aS a Synonym. 


16) This should now be Myrsine linearis (Lour.) Poir., in Lam., Encyl. Supp]. 3: 709. 1813. 
17) This should now be Myrsine seguinii Léy’l. var. yummanensis (Mez) Walker, comb. 
nov., based on Rapanea yunnanensis Mez. 
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Masamune and Suzuki misidentified a specimen. They did not create a concept of 
a species named Rapanea playfairi to which their names should be attached as 
authors. It was Mez’s concept which they misapplied to this specimen. ‘Taxonomic 
treatments would be much improved if authors would refer to misidentifications 
only when it is important to do so and then to designate them without erroneous 
authorities. I believe it would have been clearer to cite this as follows: 

Syn. Rapanea Playfairi Mez as misapplicd by Masamune & Suzuki, in Ann. 

Rep. Taihoku Bot. Gard. 3: 64. 1933; etc. 

Many other examples of such erroneous citation of authors’ names are to be found. 
See also my 1945 paper on this subject (30). Recommendation 60F of the Inter- 
national Code (8, p. 34) states that ‘‘ misidentifications should not be included in the 
synonymy ‘but added after it.” They may be dealt with in the descussion if 
considered important. / 

(b).. Athruphyllum seguinii (Léveille) Nakai (p. 140): 

Nakai has properly corrected the specific epithet for the long known Rapanea 
neriifolia (Sieb. & Zucc.) Mez. In accepting Myrsine neriifolia Sieb. & Zucc. (1846) 
Mez failed to note that Myrsine neritfolia Casaretto was published in 1843, a fact 
also overlooked by me. This should therefore be: 

Myrsine seguinii Lév’\. Fl. Kouy-Tchéou. 288, 1914-15, based on Bodinier (Seguin) 

2253 in the Léveillé herbarium now in Edinburgh. 

Synonyms :1®) 

Myrsine neritfolia Sieb. & Zucc., Abh. Bayer. Akad. Math.-Phys. 4 (3): 137. 
1846; Mig., Ann. Mus. Bot. Lugd. Bat. 2: 262. 1866 (not Casaretto 1843). 
Rapanea neritfolia (Sieb. & Zucc.) Mez, in Engl. Pflanzenr. 9 (IV. 236): 361. 1902. 
Athruphyllum seguinit (Lev’].) Nakai, Bot. Mag. Tokyo 55: 527. 1941; Nakai & 

Honda, Nov. Fl. Jap. 9 (Ardisiaceae) : 140. 1943. 

Matsumura’s and Hayata’s misapplication of Myrsine capitellata Wall. in their 
“Enumeratio plantarum in Insula Formosa... ... ”19) might have been added, but is 
omitted according to Recommendation 60F in the International Code (8, p. 34). 

Myrsine thunbergii Tanaka is considered by Nakai as a synonym of Bobua 
glauca (Thunb.) Nakai, which he illustrates in fig. 42, p. 143. It is discussed in the 
caption. In my revision (29, p. 193) M. thunbergit is discussed as an uncertain 
Species, which Tanaka in a letter to me referred to synonymy under Rapanea 
neriifolia (S. & Z.) Mez. Nakai has examined material in the Thunberg herbarium 
that is Bobua glauca. ‘Tanaka based Myrsine thunbergii on part of the Thunberg 
material labeled Laurus glauca. Nakai apparently overlooked this pro parte 
foundation of Tanaka’s species in referring it to Bobua glauca. I have not seen 


18) The synonyms and references here given are only those which pertain to the literature on 
this area or are necessary to establish the name. Additional synonyms and_ references are 
unnecessary in this place, but may be found in Nakai’s (18) or my papers (29). 

19) Journ. Coll. Sci. Univ. Tokyo 22: 225. 1906. 
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Tanaka’s material so can refer M. thunbergit Tanaka to synonymy only on the 
authority of his statement. 


% 


od 


10. 


11. 


12. 
13. 


14, ———. 


15. 


Principal References 


Anonymous. International rules of botanical nomenclature adopted by the Fifth international 


botanical congress, Cambridge, 1930. Journ. Bot. Brit. & For. Suppl. June, 1934: 1-29. 1934. 
This was the official edition of the rules until revised by the Amsterdam Congress (see 
entry no. 4). 

Recommendations on future effective publications in Japan, accepted by the Society 
of Japanese Plant Taxonomists. Journ. Jap: Bot. 26: 31-32. 1952. In Japanese; lists 5 


classes of literature that shall be rejected under the definition of “effective publication.” 


Brown, Robert. Prodromus florae Novae Hollandiae et Insulae Van-Diemen, exhibens 


characteres plantarum quas annis 1802-1805 per oras utrinqusque insulae collegit et 
decripsit. Vol. 1: 145-592. 1810. 


Camp, W.H,, Rickett, H. W., and Weatherby, C. A. International rules of botanical nomencla- 


ture; formulated by the International botanical congress of Vienna, 1905, Brussels, 1910, 
and Cambridge, 1930; adopted and revised by the International botanical congress of 
Amsterdam, 1935. Brittonia 6: 1-120. 1947. This is an “ Unofficial special edition issued 
as a service to members of the American Society of Plant Taxonomists,” no official edition 
incorporating the Amsterdam revisions ever having been published. See also entries nos. 
1 and 8. 


Hara, Hiroshi. Nippon shushi shokubutsu shuran. Enumeratio spermatophytarum japonicarum, 


vel: A bibliographic enumeration of flowering plants indigenous to or long cultivated in 
Japan and its adjacent islands. Pars prima: Angiospermae-Dicotyledoneae-Metachlamydeae. 


Pyrolaceae-Plantaginaceae. i-vii, 1-300, 1-34. 1948. Myrsinaceae on pp. 74-81. 


Hosaka, E. Y. A revision of the Hawaiian species of Myrsine (Suttonia, Rapanea), 


(Myrsinaceae). Occas. Papers Bishop Mus. 16: 25-71. figs. 1-21. 1940. 


Jongh, Ph. de. On the symbiosis of Ardisia crispa (Thunb.) A. DC. Verh. Nederl. Akad. 


Wetensch. Afd. Nat. IL 37 (6): i-vi, 1-74. illustr. 1938. Includes a bibliography. 


Lanjouw, J. (chief editor), and others. International code of botanical nomenclature adopted 


by the Seventh International Botanical Congress, Stockholm, July 1950. 1-228. Utrecht, 
Netherlands. 1952. This is the official edition currently in effect. 


Lindley, J. A natural system of botany; or, A systematic view of the organization, natural 


affinities, and geographical distribution of the whole plant kingdom. Second edition. 


i-xxvi, 1-526. 1836. 


Masamune, Genkei. Floristic and geobotanical studies on the Island of Yakusima, Province 


Osumi. Mem. Fac. Sci. Agr. Taihoku Univ. 11. Bot. 4: 1-637. pl. 17. f. 1-13. 1 map. 1934. 


Merrill, E.D. A fourth supplementary list of Hainan plants. Lingnan Sci. Journ. 11: 37-61. 


1932. The Myrsinaceae is discussed on pp. 50-52. 


Mez, C. Myrsinaceae. In Engl. Pflanzenreich 9 (IV. 236): 1-437. f. 1-61. 1902. 
Nakai, Takenoshin. Flora sylvatica Koreana. Parts 1-22. 1915-39. Ardisiaceae in 152 11. 1923: 


[Notes on the classification of Japanese plants.] Bot. Mag. Tokyo 35: (96)-(99). 1921. 
Trees and shrubs indigenous in Japan proper. 1 vol. 1922; rev. ed. 1927. 


254. 


16. 


Wie 


iP), 
20. 
21. 


22. 


2a: 


24. 


26. 


27. 


28. 


29; 
30. 
ob. 


32. 


Ki "2 FE BG Sf 67 %& 8 797—798 & Hen 29 4f 11-12 A 


Abstract from T. Nakai: “Trees and shrubs indigenous in Japan proper, Vol. 1. 
(1922),” with additional remarks on some species. Bot. Mag. Tokyo 38: 25-35, 37-48. 1924. 
______. A lecture on the phylogeny of Japanese Ardisiaceae which was given specially by 
Prof. T. Nakai of Tokyo Imperial University in the occasion of nineth [sic!] annual 
meeting of the Nippon Botanical Society, held on 25-26th October, 1941 at Sendai. Bot. 
Mag. Tokyo 55: 521-528. f. 7, 2. 1941. 
Ardisiaceae. In T. Nakai and M. Honda, Nova flora japonica. 9: [1-2], 1-3, L1], 
1-170. f. 1-42. 1943. 
Ohwi, Jisaburo. Nippon shokubutsu shi. [Flora of Japan.] i-v, 1-1383. pls. 1-6. 1953. 


Myrsinaceae on pp. 910-915. 

Pitard, J. Myrsinacées. In H. Lecomte, Flore génerale de l’Indo-Chine. 3: 765-877. f. 
86-94. 1930. 

Rehder, A. Notes on the ligneous plants described by H. Léveillé from eastern Asia. Journ. 
Arn. Arb. 18: 273-321. 1937. 

Roemer, J.J., and Schultes, J. A. Carole a Linné Systema vegetabilium secundum classes, 
ordines, genera, species, cum characteribus differtiis et synonymiis. Editio nova. 7 v. 
1817-30. 

Siebold, P.F. von. Einige Worte iiber den Zustand der Botanik auf Japan in einem Schrieben 
an den Praesidenten der Akademie; nebst einer Monographie der Gattung Hydrangea 
und einigen Proben japanischer Literatur iiber die Kraéuterkunde. Noy. Act. Acad. Caes. 
Leop. Carol. 14: 671-696. pl. 1, 2. 1828. 

Spach, E. Histoire naturelle des végétaux phanérogames. 14 v. and atlas. 1834-48. Ardisiaceae 
in 9: 372-380. 1840. 

Sprague, T.A. Synopsis of proposals concerning nomenclature submitted to the Sixth inter- 
national botanical congress, Amsterdam 1935. 1-80. 1935. 

Stearn, William T. International code of nomenclature for cultivated plants, formulated and 
adopted by the International Botanical Congress Committee for the Nomenclature of 
Cultivated Plants and the International Committee on Horticultural Nomenclature and 
Registration at the Thirteenth International Horticultural Congress, London, September 
1952. 1-29. London, the Royal Horticultural Society. 1953. 

Thunberg, C.P. Flora Japonica, sistens plantas Insularum Japonicarum secundum systema 
sexuale emendatum. i-lii, 1-418. f/. 1-39. 1784. ; 
Walker, E.H. Concerning Ardisia crispa (Thunb.) A. DC. and A. crenata Sims, confused 
species of Myrsinaceae from eastern Asia. Journ. Washington Acad. Sci. 29: 256-261. 

el 6 1939: 

A revision of the eastern Asiatic Myrsinaceae. Philip. Journ. Sci. 73: 1-258. 

f. 1-87. 1940. 

The use of the term “misapplied by” in taxonomic botany. Lingnan Sci. Journ. 

21: 73-74, 1945. 

A botanical mission to Okinawa and the southern Ryukyus. Asa Gray Bull. n. 

ser. 1: 225-244. f. 1-9. 1952. 


Botanizing with the Okinawans. Ann. Rep, Smithsonian Inst. for 1952: 359-383. 
Pl. 1-10. 1953. 


rw 


ian 


~ Nov.—Dee. 1954 


' 


Bot. Mag. Tokyo, Vol. 67, No. 797—798 


ALPHABETICAL LIST OF NAKAIS GENERIC AND SUBGENERIC NAMES 
WITH WALKERS EQUIVALENTS 


g n p q; 

Name used by Nakai eke Name used by Walker re Correct name as here interpreted rb 
Anamtia Koidz. 131 | Myrsine L. 184 | Myrsine L. 250 
acuminata (Merr.) Nakai 132 a — | Myrsine acuminata Merr. =— 
elliptica (Walker) Nakai 132 | Myrsine elliptica Walker 189 | Myrsine ‘elliptica Walker — 
stolonifera Koidz. 132 | Myrsine stolonifera (Koidz.) Walker 247 | Myrsine stolonifera (Koidz.) Walker 250 
Athruphyllum Lour. 138 ‘| Rapanea Aubl. 194 | Myrsine L. O51 
linear (Lour.) Nakai 140 | Rapanea linearis (Lour.) S. Moore 200 | Myrsine linearis (Lour.) Poir, 251 
seguinii (Lév'l.) Nakai 140 | Rapanea neriifolia (S. & Z.) Mez 202 | Myrsine seguinii Lév'l. 252 
taiwanianum Nakai 139 — — | Myrsine seguinii Léy’l. 251 

yunnanensis (Mez) Nakai 140 | Rapanea neriifolia var. yunnanesis (Mez) Myrsine seguinii var. yunnanensis (Mez) 3 
Walker 205 Walker 251 
Bladhia Thunb 28 | Ardisia Swartz 48 | Ardisid Swartz 159 
chinensis ( Benth.) Nakai 49 | Ardisia chinensis Benth. 129 | Ardisia chinensis Benth. 206 
chinensis var. minor Nakai Sl nn — | Ardisia chinensis Benth. 206 
citrifolia (Hay.) Nakai 60 | Ardisia citrifolia Hay. (uncertain sp.) 148 | Ardisia brevicaulis Diels 208 
cornudentata (Mez) Nakai 54 | Ardisia cornudentata Mez 84 | Ardisia cornudentata Mez 206 
crispa Thunb. 62 | Ardisia crispa (Thunb.) A. DC. 118 | Ardisia crispa (Thunb.) A. DC. 209 
crispa formae 94-68 = — | Unnecessarily named ae 
crisp3 var. caducipila Nakai 64 — | Uncertain 209 
crispa var. dielsii (Walker) Nakai 63 | Ardisia crispa var. dielsii (Lév'l.) Walker 121 | Ardisia crispa var. dielsii (Lév’l.) Walker =~ 
crispa var. typica Nakai 63 | Ardisia crisoa (Thunb.) A. DC. 118 | Ardisia crispa var. crispa 209 
crispa var. typica f. leucocarpa Nakai 63 — | Unnecessarily named _ 
elliptica (Thunb.) Nakai 120 = — | Uncertain 212 
japonica Thunb. 31 | Ardisia japonica (Hornst.) BI. 134 | Ardisia japonica (Hornst.) Bl. 203. 

japonica var, angusta Nakai $9 | Ardisia japonica var. angusta (Nakai) Ardisia japonica var. angusta (Nakai) 

Makino & Nemoto 136 Makino & Nemoto 203 
japonica var. angusta formae 40-42 — — | Unnecessarily named . aa 
japonica var. miner Nakai & Suzuki 42 zoe Ss — | Ardisia japonica var. minor (Nakai) Walker} 203 
japonica var. typica Nakai 32 | Ardisia japonica (Hornst.) Bl. 134 | Ardisia japonica var. japonica 208 
japonica var. typica foemae 31-37 — | Uunecessarily named = 
japonica var. major Nakai a7 — | Ardisia japonica var. major (Nakai) Walker 203 
japonica var. major formae 38-39 oo — | Unnecessarily named a 
kusukusensis (Hay.) Nakai 115 ‘| Ardisia kusukusensis Hay. (uncertain sp.) 149 | Uncertain 211 
lentiginosa (Ker) Nakai 99 | Ardisia crenata Sims 112 | Ardisia crenata Sims 210 
lentiginosa formae 102-115 — | Unnecessarily named = 
lentiginosa (var.) lanceolata Masam. 102 ss — | Ardisia crenata Sims 211 
lentiginosa (yar.) taquetii (Lév’l.) Nakai 101 | Ardisia crenata Sims 112 | Ardisia crenata Sims 211 
lentiginosa (var.) typica Nakai 101 | Ardisia crenata Sims 112 | Ardisia crenata var. crenata 210 
lindleyana (Dietr.) Nakai & es — | Ardisia punctata Lindl. ~ 209 
montana (Mig) Nakai 43 | Ardisia japonica var. montana Miq Ardisia japonica X A. pusilla (probably) 206 

(uncertain sp.) 148 | Unnecessarily named = 
montana f. punctata Nakai 45 a — | Ardisia cornudentata Mez 208 
morrisonensis (Hay) Nakai 55 | Ardisia cornudentata Mez 84 Ardisia crenata Sims 210 
pasaniaefolia Nakai 98 — | Ardisia quinquegona Bl. 213 
quinquegona (BI.) Nakai 123 | Ardisia quinquegona B! 73 | Ardisia squamulosa Pres! 212 
racemosa (Lour.) Nakai 118 — | Ardisia maclurei Merr. 204 
sciophila (Suzuki-Tokio) Nakai 42 ~ | Ardisia sieboldii Miq. = 
sieboldii (Miq.) Nakai 120 | Ardisia sieboldii Miq. 79 | Unnecessarily named 213 
sieboldii formae 122-123 — | Ardisia solanacea Roxb. 212 
solanacea (Roxb.) Nakai 120 | Ardisia solanacea Roxb, 58 | Ardisia stenosepala Hay. 207 
stenosepala (Hay.) Nakai 55 | Ardisia stenosepala Hay. (uncertian sp.) 152 | Ardisia squamulosa Presl. 212 
squamulosa (Presl.) Nakai 120 = Ardisia triflora Hemsl. = 
triflora (Hemsl.) Nakai 49 | Ardisia triflora Hemsl. 130 | Ardisia pusilla A, DC. 205 
villdea Thane 45 | Ardisia pusilla A. DC. 132 | Ardisia pusilla var. liukiuensis (Nakai) 
villosa var. liukiuensis Nakai eNe)|  Se ae Okuyama 206 
villosa var. reptans (Merr.) Nakai 47-48 | Ardisia pusilla A. DC. 132 | Ardisia pusilla A. DC, (Japanese form 
villosa var. typica Nakai 46 | Ardisia pusilla A. DC. 132 different ?) 206 
villosa var. typica f. violascens Nakai 47 : ~ | Ardisia pusilla var. pusilla 206 
violacea Suzuki-Tokio 57 | Bladhia violacea Suzuki-Tokio Cuncertain Unnecessarily named a 

sp.) 155 | Ardisia brevicaulis var. violacea (Suzuki- 
virens (Kurz) Nakai 59 | Ardisia virens Kurz ue Tokio) Walkar 208 

Calispermum Lour. 16 | Embelia Burm, f. 155 | Ardisia virens Kurz = 
oblongifolium (Hemsl.) Nakai 18 | Embelia oblongifolia Hems!. 167 Embelia Burm. f. 
rude (Hand.-Mazz.) Nakai 20 | Embelia rudis Hand,-Mazz. ae Embelia oblongifolia Hemsl. eu 
Embelia Burm. f. ; 17 | Embelia Burm. f. 155 | Embelia rudis Hand.-Mazz. 158 
lenticellata Hay. (as a synonym) 18 | Embelia lenticellata Hay. ue Embelia Burm. f. = 
Maced Borsk. 4 | Maesa Forsk. 12 | Embelia lenticellata Hay. 158 
augustini (Nakai) Tuyama 14 | Maesa augustini (Nakai) Tuyama Maesa Forsk. Be 

Cuncertain sp.) 44 | Maesa tenera Mez? 157 
japonica (Tnunb.) Moritzi 6 | Maesa japonica (Thunb.) Moritzi 19 Maesa japonica (Thunb:) Moritzi = 
japonica f. gracilis (Benth.) Nakai 9 pate Rie we japonica X tenera (Japanese form a 
japonica f. latifolia (Miq.) Nakai 10 | Maesa japonica var. latifolia Miq. different) 15 

: (uncertain sp.) 44 | Uncertain 157 
perlarius (Lour.) Merr. 11 | Maesa perlarius (Lour.) Merr. 24 | Maesa perlarius (Lour) Merr. - 
tenera Mez 13 | Maesa tenera Mez 34 | Muesa tenera Mez = 
i — | Myrsine L. 249 
Manglilla Juss. 134 », nbs eset er re 250 
maximowiczii (Koidz.) Nakai 136 | Rapanea maximowiczii Koidz. : 201 Myrsine maximow}czii (Koidz.) Walker . be 
okabeana (Tuyama) Nakai 135 | Rapanea okabeana Tuyama (uncertain sp.) 206 Myrsine okabeana (Tuyama) Walker? ae 
Myrsine L. 125 | Myrsine L. ee Myrsine L. ; ao 
africana L. 126 | Myrsine africana L. 185 Myrsine africana L. A 
eee 21 | Embelia Burm. f. 155! Embelia Burm. ‘ es 
laeta L. 22 | Embelia Iaeta (L.) Mez 181 | Embelia lneta (L.) Mez, . : 
24 — | Embelia laeta var. papilligera (Nakai) 


Jaeta var. papilligera Nakai 


——- 


Walker 
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Cytological and Morphological Studies on the 
Gametophytes of Ferns. (VIII) 


The Vital Staining of Fern-Prothallium and the Influence of Hydrogen 
Ion Concentration on It. (Continued from the Preceding Report). 


By Isami IGURA* 
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Received August 31, 1954 


{In the preceding report the author (1954 b) has sublished the results of the vital 
staining of fern-prothallium as part (A) and in the present paper the influence of 
hydrogen ion concentration on the staining of fern-prothallium as part (B) will be 
described. 

(B) The influence of hydrogen ion concentration upon the vital staining. 

(1) Athyrium multifidum Rosenstock var. deltoideum Nakai. 

Dahlia violet (0.001%, 20 mins); pH-solutions, regulated by HCI- and NaOH-solution: 

Rec and Rem were effectively stained within the neighbourhood of pH 3.8-8.0, 
and the spermatid was colored within the acid side of pH 3.8-6.5. 


pH 1.8 3.8 6.5 8.0 10.4 control 
Colors of : 4 : : faint reddish ; : 
Soutiens bluish violet reddish violet sf Re Gialet reddish violet 
Rec ~ = se oF te ae 35 
Rem - Te sh is = aE 
Spe Se a5 =P a = Ss 


Foot-note:. Rec, the cytoplasm of the rhizoid; Rcm, the cell membrane of the rhizoid ; 
Spe, spermatid; +, stained, —, unstained, +, slightly stained. 


(2) Ctenitis quelpaertensis H. Ito. 
Janus green (0.25%, 20 mins.) ; pH-solutions of the citrate-buffer : 


pH ray 3.0 | 4.0-) 5.0} 6.47) 7.1) 7-8 | 10:0 | control 


Colors of solutions | faint reddish violet - 


Ree ++ = oA (te ceed ae ee ee) Cee i Ea lee + 
Rem Cb VS (a) Gee eae le tena ak aia ae + 
Ghe | ++ Be To a efatieeseah ae GL ck: eater a a 


Foot-note: Ghc, the cap of the glandular hair; ( ), uncertain result. 
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The influence of pH-solution was not distinct. Rec, Rem, and Ghe were more or 
less stained in the colution of every pH-value. 

In the solution of about pH 5.0-7.8, coloration of Rec and Rem were somewhat 
deep. In the dye solution of pH 4.0, the vacuolar demixing was observed. 

Neutral red (0.01%, 20 mins.); pH-solutions of the phosphate-buffer : 

Rcc and Rem were better stained in the range of pH 5.2-5.8 than in the solu- 
tions of other pH-values. In alkaline side the color is very weak, and the coloration 
of staining were changed from pink into yellowish orange. At pH 7.6 the vacuolar 
demixing was observed. By Reuter (1953) it was found that neutral red has inten- 
sive permeability to the cell of the rhizoid or the papilla (glandular hair) either in 
the form of ion or molecule of dye at every pH-value of the phosphate-buffer in the 
prothallia of Dryopteris parasitica. 


pH 4.2 6.8 


5. 2 5.8 7.6 10.0 control 
Colo f | fai Ilo ist | ae 
| rs O ° = . 
sanitons pink » none enowisi | yellowish orange » é pink 
Rec ae + + Ete ae 32 55 qe 
Rem aE 38 a si ac Site te ar 


(3) Dryopteris cystolepidota C. Christensen. 

Chrysoidin (0.02%, 20 mins.); pH-solutions of the acetate-buffer : 

The colorations of Rcc and Rcm were fairely strong in about pH 5.0 and they 
were weak in higher than about pH 6.3. The spermatid was weakly colored in the 
solutions of all pH-values. In the acetate-buffer-solution, the prothallial cell did not 
show the fine and perfect plasmolysis, therefore this solution seemed to be poisonous 
to the prothallial cell. 


pH 3.0 3.9 5.0 6.3 8.0 control 
‘oI ; faint yellowish 
en orange oy yellowish orange Races oy orange 
Rec A eis aie ce ae a ale 
Rem ac zis a5 ote is capt ae 
Spe ar (ey) Se ae >) a 


Eosin (0.1%, 30 mins.) ; pH-solutions regulated by HCI- and NH,OH-solution : 


pH 2.8 5. 4 6.0 8.8 10. 4 control 
Colors of solutions orange ” ” ” ” 9 
Pcm + or — + or — - (-) = - 
Chl + or - Or = = C) = = 
Rec erate ee SE aE ae sie oe - — — 
Rem = = ae = = = 


Foot-note: Pcm, prothallial cell membrane; Chl, chloroplast. 
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Below pH 5.4 Pcm and Chl were weakly colored or not, and Rec showed the 


very faint color below pH 6.0. In higher than pH 6.0 the cellular elements were 


not mostly stained. 
Methylene blue (0.0025%, 20 mins.); pH-solutions of the acetate-buffer : 

The plasmolysis was not perfect especially under pH 5.0. The influence of pH- 
solution was not clear. However, the cytoplasm of the rhizoid indicated the granular 
staining in pH 5.0-8.2. 

Nile blue (0.05%, 10 mins.); pH-solutions of the citrate-buffer: The influence of pH- 
solution was not observed distinctly. 
Pyronin (0.02%, 30 mins.) ; The phosphate-buffer-solutions whose pH-values are 5.2: 

0.1, 0.05, 0.02, 0.01, and 0.001 mol. solutions of the phosphate-buffer whose pH- 
values were 5.2 were used. 

Among these dye solutions of pH 5.2, these of the high concentrations (0.1, 0.05 
mol.) colored Pcem, Rcc, Rem, and Spe stronger than these of the low. Dipping in 
0.02, 0.01, and 0.001 mol. solutions for thirty minutes and 0.5 mol. KCl-solution for 


about forty minutes, the vacuolar demixings were observed. 


Mol. 0.1 0.05 0. 02 0. 01 0. 001 control 
Colors of light, faint 
solutions violet # & 93 23 ” 
Pcm cy Ble ice aE cE Gee) (Ge sey 
Rec 2 3 (+) AE St: a 
Rem a ae (+) Je Ee =F 
Spe as =z fe ct (2) sits eet 


(4) Pteridium aquilinum Kuhn var. latiusculum Tagawa. 
Fuchsin red (0.005%, 10 mins.) ; pH-solutions of the citrate-buffer : 
Rec, Rem, and Spe were stained in the neighbourhood of pH 4.0-7.1, specially 


the staining of Rcc and Kem were more or less accelerated in pH 6.2-7.1. 


pH Ze 3.0 AOU > con Mie Or Seam salen bs icccriel msl control 
Colors of 3 : violescent 2 
Saltans reddish violet eed x: - * Bs : . ‘s 
Ree die ESE plete at aie Se = siete |) ae ae a5 
Rem Staite ats Ela E a Se ec | oe a 
Spe se ae See a ag ae Ze aeae || ae Se ar 


Malachite green (0.02%, 10 mins.) ; pH-solutions of the phosphate-buffer : 


pH 4, 4, 5.0 5.8 6.8 160 9.0 control 
Colors of solutions bluish green Es is 
, ” ” ” DT 
Rec ae aiet= + oE ee zis ee 
Rem — — —_ = = — be 


me Oe 


ess. 
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In upwards of about pH 5.8, Rcc was weakly stained, but Rem seemed not to 
be colored in every pH-value. 
Thionin (0.05%, 10 mins.) ; pH-solutions regulated by HCl- and NaOH-solution: 

Pcm was colored within the range from pH 2.0 to 6.4 and the stained portion 
was not the whole field, but the middle of the prothallium as shown in Figs. 10 a, b, 
c (these figures were shown already in the preceding report, Igura 1954 b), and in 
alkaline side the stained portion appeared to be decreased gradually. In the neigh- 
bourhood of pH 4.0-6.4 the staining was effectively but not particularly intensified. 


pH | 2.0 | 4.0 6.4 | 8.0 10.5 control 
Colors of | vi ee , 
| atone violet eeeee | a violet faint violet violet 
| Pem = | + + +4 - ae 
Ree + | + + - see + 
Rem + | (+) + | + ++ oe 
| 
Spe Be oe Ti aaa | See ae a 


(5) Rumohra mutica Ching. 

Acid fuchsin (0.001%, 2hrs.); pH-solutions of the citrate-buffer: 

All elements were not stained or stained very faintly by the dye solution of 
every pH-value. Spe only was slightly stained in pH 2.1-3.0, whereas the staining 
of Rec and Rem were not intensified in the solutions of all pH-values. In upwards 
of pH 7.1 the stained elements were discolored. The prothallial cell might present 
the plasmolysis in pH 9.1. 


A Ee ay Ea 7A 8.4| 9.1] control 
ire we faint red | discolored ; » | faint red 
solutions | z ” ” ” , 

} E Ne [eens Ai ae 
Rec —or + |—or+t = ort | — oF =J00 is = - — —or + 
Rem = Ofer OL | — OL a2 |" OX aL “= = =e Oe Be 
Spe a ate —or+|-—or+ = Ol _ - = b=—fore 


Brilliant cresyl blue (0.003%, 20 mins.) ; pH-solutions of the acetate-buffer : 
The staining of Rcc and Rcm were intensified and deep in pH 6.3-8.2. Below 
pH 5.0 the perfect plasmolysis of the prothallial cell seemed not to appear in 0.5 mol. 


KCI-solution. 


ay 1.0 Pe On raw 5.0 6.3 8.2 | control 
Colors of faint blue ” ” ” ” ” ” 
solutions 
> INGE ae aie SE ae + + + 
Rem 45 zi =e + ae + ae 


Crystal violet (0.005%, 10 mins.) ; pH-solutions of the citrate-buffer : 


: ; - “ w se ti - fi ye ee ver pee ee eat an ee * 
- 5 ~ o ae a ae 


260 fi tm BE BE 88 67 He BS 797-798 & Hea 29 4F 11-12 A 


Pom was weakly stained in the neighbourhood of pH 5.0-7.1 and Rec, Rem, and 


Spe were in some degree deeper colored in upwards of pH 5.0. 


[ 


pH oa) 3.0 4.0 5.0 Gaz 7.1 \° 8.4 | control 
Colors of hs faint bluish : iol ; 4 , 
solutions faint blue violet sage faint violet | a 
Pcm (GE) GE (Ge) =i a6 a => SE 
Rec | ++ ++ [> Se + + $6 = =f 
Rem fe = + a zs a “i 
Ghe - _ oe ae 4p + (+) ae 
Spe Rewtee = Cae) maine) sae Ge ass + + as 


Safranin (0.05%, 30 mins.) ; pH-solutions of the phosphate-buffer : 

Pcm was apt to be stained faintly or not in the acid side (below pH 6.8) and 
to be disturbed in staining in the alkaline side. Rcc and Rem were stained in the 
alkaline side (upwards of pH 8.0). The staining of Spe was deep in some degree 
in the acid side (below pH 5.6). The vacuolar demixing were seen in the solution 
of pH 5.2. 


pH 5io, 5.6 6.8 ee 2 9.0 control 
Colors of faint reddish 
solutions orange a ” ” ” ” 
Per Ce + Z ig x n 
Rec + = ae + na ae 
Rem e ae + - + + 
Spe se a = oe + + 


Tropaeolin 000-1 (0.005%, 30mins.); pH-solutions of the acetate-buffer : 
The staining of all elements was greatly slight. Pcm was very faintly stained 
below pH 5.0 and hardly in pH 6.3-8.2. Rec and Rcm showed the weak color below 


pH 4.0, and Spe was colored in the acid side. The plasmlysis was not perfect below 
pH 5.0. 


{ 
pH ape 4.0 5.0 6.3 8.2 control 
1 : 
po ete sof faint orange ” ” ” ” ” 

Pcm SEiae steno Eisele zee eee se 
Ree a ate ate = ie i = ee = - 
Rem = eit ‘is = = - — 
Spe 3e eitela =p ae eck SE sis ats She 


In all cases above-mentioned, with the exceptions in some cases of the acetate- 
buffer-solution, the plasmolyses of the prothallial cells were recognised by 0.5 mol. 
KCI- or 0.5 mol. CaCl,-solution. 


: 


r? 
‘ 
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General Discussion and Conclusion 


Applying the dyes of thirty-three kinds dissolved in the redistilled water, the 
vital stainings of the prothallia of eleven species in ferns were investigated. It may 
be concluded that the basic dyes stain the prothallia (positive) in most cases and 
the acid dyes faintly stain them or not (negative). The dyes which stain the 
prothallia (+), strongly stain them (+L) do not stain them (—), or slightly stain 
them (++) are enumerated subsequently : 

Monoazo group, Acid; methyl orange (— or +), methyl red (—), orange G 

(— or +), tropaeolin 000-I (+), victoria violet (+). Basic; chrysoidin extra 
pure (+), janus green (+). 

Diazo group, Acid; congo red (+), trypan blue (— or +), Basic; bismarck 
brown (+). 

Triphenylmethan group, Acid; acid fuchsin (—), aniline blue (— or +), fast 
green (+), light green SF (—). Basic; crystal violet (+-), dahlia violet (+), 
indigo carmine (—), fuchsin red (++), malachite green (+), methyl green 
(—), methyl violet (+). 

Azin group, Basic; magdara red (+), neutral red (+), safranin (4+). 

Oxazin group, Basic; brilliant cresyl blue (-+4), nile blue (+). 

Thiazin group, Basic; methylene blue (+), thionin (+), toluidin blue (4). 

Xanthene group, Acid; eosin (— or +), erythrosin (— or +). Basic; pyronin 
(+), rhodamine B (+). 

Of all structural elements of the prothallium in fern, the membrane, the cyto- 
plasm, the nucleus, and the plastid were not stained 7m vivo in most cases. The 
elements which were commonly stained in the living state were four elements; viz. 
the cytoplasm (cell sap) and the membrane of the rhizoid, the cap of the glandular 
hair, and the spermatid. As the cytoplasm of the rhizoid, that is the rhizoidal cell are 
stained generally, it is considered that many dyes possess high affinity to the cyto- 
plasm of the rhizoidal cell in the form of molecule or ion, 

In general, the membrane, especially the cytoplasm of the prothallial cell are 
not stained, whereas that of the rhizoidal cell are stained. It was observed that 
the dyes such as bismarck brown, fuchsin red, pyronin, rhodamine B, thionin, and 
toluidin blue stained the prothallial cell membrane. Klebs (1919) pointed out, 
studying the vital staining of the prothallia in Pteris longifolia with the solution of 
congo red, that the prothallial membrane prevents the penetration of this dye, con- 
sequently the staining of the membrane does not occur, perhaps, owing to the fat- 
like substances contained in the membrane. The dyes that stain the membrane in 
the present studies are considered to be soluble in this fat-like substance and in 
consequence the coloration of the membrane appears. On the other hand, no fat-like 
substances are contained in the membrane of the rhizoidal cell, therefore the dyes 
are easily allowed to penetrate. Concerning the cap of the glandular hair, the same 
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can be conjectured as in the case of the rhizoidal cell. It is recognized that the 
spermatids (perhaps, the cytoplasm of the spermatids) in the antheridium or those 
extruded out of it were stained by the dyes which belong to acidic or to basic ones 
such as aniline blue, bismarck brown, brilliant cresyl blue, chrysoidin extra pure, 
congo red, crystal violet, dahlia violet, eosin, erythrosin, fast green, fuchsin red, 
magdara red, malachite green, methyl violet, methylene blue, orange G, rhodamine 
B, safranin, thionin, toluidin blue, and trypan blue. Sometimes erythrosin or toluidin 
blue stain the neck canal cell, the ventral canal cell, and perhaps the egg of the 
archegonium. 

The prothallium is conjectured to be kept alive fairly long in the dye solution, 
viz. the prothallia of Ramohra mutica Ching could survive for sixty-five days in 
0.005 per cent aqueous solution of acid fuchsin and fifty-six days in 0.005 per cent 
aqueous solution of congo red. 

The vital staining of the cytoplasm of the rhizoid is classified into the diffuse 
(homogeneous) staining type and the non-homogeneous one. In some cases, the 
diffuse staining type changed inte the non-homogeneous one. Reuter (1953) observed 
this fact and the writer recognized the non-homogeneous staining of the cytoplasm 
in the rhizoidal cell in 0.5 mol. KCl-solution, too (e.g. methylene blue, safranin, 
thionin). Some dyes (erythrosin, magdara red, victoria violet) stain the apical 
portion stronger than the other part of the cytoplasm of the rhizoid and this 
phenomenon is said to be the polar staining (the polarity of staining). This 
phenomenon, perhaps, depends upon the reason that the physico-chemical character 
of the growing apical portion is different from the other one of the rhizoid. 

The prothallia which were treated with the vital staining showed the plasmolyses 
in 0.5mol. KCl-solution or 0.5 mol. CaCl o-one. The prothallial cells of the same 
species display two different types of the plasmolysis and the one is the convex 
mainly in KCl and the other is the concave chiefly in CaCl. This fact may be 
due to the different reaction of K- and Ca-ion. When the prothallia are dipped in 
0.5 mol. KCl- or 0.5 mol. CaCl,-solution after staining them in some dyes (congo red, 
fuchsin red, methylene blue, neutral red, pyronin, toluidin blue, trypan blue), they 
show the vacuolar demixing. 

In the case of the fern-prothallia some dyes do not stain selectively any one of 
the structural elements of the prothallium but a sigle dye is able to stain generally 
four elements, viz. the cytoplasm and membrane of the rhihoid, the cap of the 
glandular hair, and the spermatid. Althogh Yamaha (1946) reported that between 
the chemical constitutions of the dyes and their vital staining reaction the close 
relationship existed in some degree in the cells of the higher plants, the author 
could not found such relationship in the fern-prothallium. 

The influences of hydrogen ion concentration on the prothallia of five species 
were investigated, using the acidic as well as the basic dyes of fifteen kinds, 


According to pH-values, the differences of staining were found in some degree but 


; ee SS ee 


yy 


Nov.— Dec. 1954 Bot. Mag. Tokyo, Vol. 67, No. 797—798 263 


not so distinctly. It was not able to ascertain that the hydrogen ion particularly 
intensified or weakened the vital staining of the prothallia. The cytoplasm, the 
nucleus, and the plastid of the prothallial cell are not colored in the solution of 
every pH-value. The structural elements of the prothallia whose staining are 
considered to be influenced by the hydrogen ion concentration, are the cytoplasm 
and membrane of the rhizoidal cell, the cap of the glandular hair, and the spermatid, 
and occasionally are the prothallial cell membrane (i.e. in thionin, crystal violet, and 
eosin ). 

By the following dyes the vital staining of the prothallial cell membrane is 
observed and the limits of pH-values in which it can be stained or not are repre- 
sented as follows, and the pH-values below this limit stain the membrane: acid- 
eosin (very faint, pH 5.4-6.0), tropaeolin 000-1 (pH 5.0-6.3), baséc-thionin (pH 8.0- 
10.5), crystal violet (pH 7.1-8.1). The cytoplasm or membrane of the rhizoid were 
colored effectively in pH-values of the following dyes: acid-eosin (below pH 6.0, very 
weak), tropaeolin 000-1 (below pH 4.0, weak), basic-brilliant cresyl blue (pH 6.3-8.2), 
chrysoidin (pH 5.0), crystal violet (pH 5.0-8.4), fuchsin red (pH 6.2-7.1), janus green 
(pH 5.0-7.8), malachite green (pH 5.8-9.0), neutral red (pH 5.2-5.8), thionin (4.0-6.4). 
The results of the vital staining on the cap of the glandular hair are almost 
the same as in the case of the rhizoid as above stated. So far as the staining of the 
spermatid is concerned, the following dyes and pH-values are seemed to be effective: 
acid-tropaeolin 000-I (below pH 3.0), basfc-crystal violet (pH 6.2-8.4), dahlia violet 
(pH 38-65), fuchsin red (pH 4.0-7.1), safranin (below pH 5.6), thionin (pH 4.0). 


Summary 


The vital staining of the fern-prothallium of eleven species and the influence of 
hydrogen ion concentration on it was investigated, applying thirteen kinds of acid 
dyes and twenty of the basic ones. The results of the investigations will be 
summarised as follows: 

(1) Four kinds of the acid dyes and eighteen of the basic ones were able to 


stain the fern-prothallia zz vivo. 
(2) Of the structural elements of the prothallia, the following four elements 


were generally stained: the cytoplasm (cell sap) and the membrane of the rhizoid, 
the cap of the glandular hair, and the spermatid; and occasionally the prothallial 
cell membrane also. 

(3) While the case in which a single element of the prothallium was selectively 
stained by a single dye was found few, the case in which four elements were colored 


at the same time appeared ordinarily. 
(4) In the fern-prothallia, the regular and close relationships between the 


chemical natures (constitutions) of the dyes and the vital staining reaction were 


not clear. 
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(5) The types of vital staining of the cytoplasm of the rhizoidal cell were 
classified into the diffuse (homogeneous) or the non homogeneous one, and rarely 
into the granular staining. And occasionally the polar staining (the polarity of 
staining) was observed. 

(6) The cytoplasm of some rhizoid indicated the vacuolar demixing, and the 
drop-like one in a few cases. 

(7) The influences of hydrogen ion concentration on the vital staining were 
not so remarkable in the fern-prothallia, whereas the staining was accelerated or 
disturbed within a certain value of hydrogen ion concentrations. The elements of 
the prothallia which were not stained in the dyes diluted in redistilled water, were 
not generally accelerated in the staining reaction by the alteration of pH concentra- 


tions in the solutions. 
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During these several years, the senior author has been occupied some of his 
times in autecological studies of water relations of mosses. Preliminarily he has 
published some results of osmotic determinations». Bender has published also a 
report on this problem, and ‘his results were cited in “ Verdoorn’s Manual of 
Bryology’’ that the osmotic values is higher in protonema and older parts, and 
environment seems to give no appreciable influence. Up to the present, we have 
few valuable works on the relationships between the osmotic value and environ- 
mental factors. Ochi and Iwanaga® found with Munium Maximowiczit Lindb. that 
the osmotic value seemed to ascend by the temperature fall and descend by the 
temperature rise. In this case, however, the determination was carried out only 
twice, that is, in Summer and in winter. With respect to water and mineral 
relations, Buch”) has distinguished endohydric and ectohydric mosses, and we are 
able to suppose that the osmotic relations in the former may be different from those 
in the latter. 

In the present paper, the authors can represent on some detailed investigations 
with two pollacauophytic?) and one endohydric mesophytic?) species, giving special 
references to the seasonal fluctuation of the osmotic value, differences between the 
values obtained on fine and rainy days in the same season, and fluctuations 
represented when the material is kept air-dried in the room. 


Materials and Methods 


Materials were collected from the vicinities of Tottori City. Their names and 
habitats are as follows: Hedwigia albicans (Web.) Lindb., on the rock at a slightly 
sunny place; Neckera humilis Mitt. on the bark of a tree-trunk in fortest; and 
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Polytrichum attenuatum Menz., on the soil covering the rock in slightly sunny forest. 

In each experiment, similar individuals were selected from places under similar 
conditions as far as possible. Collected materials were put into a tubelike glass 
bottle, ca. 12x2.7cm, and firmly stoppered, and carried to the laboratory. Four 
leaves at ca. 1/3 distance from the top of the annual shoots were excised. And they 
were immediately immersed in a series of NaNO solutions in 0,02 N intervals. 
Incipient plasmolysis value was determined at the leaf-base, and the average of 4 


measurements was taken. 


Experimental Results 


Experiment 1. Seasonal fluctuations. The material was collected towards the 
end of every month, on a fine day which was followed three days after a rain fall. 
From December to January, however, the materials were obliged to be collected on 
rainy or very humid days because the interval was a rainy period in out district. 

New shoots of Hedwigia and Neckera 
come out in January and as indicated 
in Fig. 1, their osmotic values become 
slightly lowered from January to April 
or May. And they ascend steeply there- 
after to June or July, and stops to ascend 


on for a while, then continue to ascend 
oom ao 


poems 5 : again remarkably until winter. On the 


Qemotic values in NaNO, normal 


te, 
AO, 
: YO saa 0 


other hand, in Polytrichum, new plants 


Ae wAts 4m aAm wy 4 
* 


appear in February and the osmotic 
Polytrichum 


value ascends slightly from that time to 
May, and then it ascends gently until 


November, thereafter descends till Febru- 
ary. Differences between the minimum 
and maximum values in Hedwigia and 
Neckera are larger than in Polytrichum. 


Experiment 2. The osmotic values 


Temperature in °C 


(1952) (1953) 


Fig. 1. Seasonal fluctuations of the osmotic ont d : A ; 
value at incipient plasmolysis and mean Ane wand. rainy days. eyereukoes 


monthly temperature. Fig. 2, the osmotic values are higher on 

fine days than on rainy days, and the 

difference between the two cases is larger in Hedwigia and Neckera than in Polytric- 

hum. But even in Polytrichum, it ascends remarkably at dry interval in July and 
descends remarkably at the next rainy interval. 

Experiment 3. Fluctuations of the osmotic value in Hedwigia kept air-dried 

in the room. The material collected on April 13, rainy was left air-dried in the 


c wt ol 


August, held almost constant until 


=o 
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room, and the osmotic 


value was 
determined with solutions of NaNO, at 


intervals of several days. And for 
comparison, the same measurement 
was made with materials collected i 
from the natural habitat as the control : 
(Fig. 3). The value of the air-dried 
material increased conspicuously in the i 


first several days, then, reached a 
constant level gradually. The material 
dried up after about 13 weeks’ air- 
drying, and at the end of the experi- 
ment, the value became approximately 


twice as high as the value at the 


Precipitation in mm 


beginning. 
As 


and Patterson, 


Experiment 4. reported by 


Brauner) there has Eee 
been some obstructions on the _ plas- 
and Ochi: 9 


reported also on this problem. In order 


molysis in mosses, has 


to determine whether such refractoriness 


Bot. Mag. Tokyo, Vol. 67, No. 797—798 


267 


Polytrichum 
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June july (1952) 


Fig. 2. Osmotic values at incipient plas- 
molysis and daily precipitation amount. 


happened or not in the preceded experiments, the following experiments were 


conducted. 


In parallel with experiment 3, the incipient plasmolysis value was determined 


with a series of glucose solutions at 0.05mol. intervals (Fig. 3). 


The osmotic 


pressure of the corresponding concentrations of NaNO; and glucose solutions were . 
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Fig. 3. Fluctuations of the osmotic pressure in Hedwigia in plants kept 


air-dried in the room and in the control. 
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determined by the cryoscopic method. 

As represented in Fig. 3, in the case of the control, the osmotic pressure 
determined by NaNO; and glucose are approximately equal, on the other hand, in 
the case of air-dried material, they are higher by glucose than by NaNO3. 

The investigation on the daily fluctuation of the osmotic value was also carried 


out, and almost no variances were recognized in all the employed spp. 


Discussions 


1. Through the results obtained from experiment 1, the following explanations 
seem to be suitable concerning the fluctuation of the osmotic values in Hedwigia 
and Neckera. 

Main factors affecting the osmotic values are the grade of maturity of the 
plant itself and temperature. Mature and temperature fall cause anatonosis and 
the reverse conditions cause catatonosis, and influences of the mature play more 
effective role than temperature. 

The interval between January and April or May is considered as the interval 
of growth in length and of little maturing, on the other hand, temperature rises. 
Therefore, the osmotic value may descend slightly. In the interval between May 
and June or July, they abruptly mature, and consequently, the curve climbs steeply 
notwithstanding temperature rises. After June or July, the step in maturing and 
the variation of temperature are small, so the fluctuation almost stops for a while, 
but thereafter, temperature falls, so the curve goes upwards rapidly again until 
winter. The temporary decline in the osmotic value in December seems to be 
caused by high humidity of the habitat as described later. 

In conclusion, mosses of the pollacauophytic type presumably indicate common 
pattern of the seasonal fluctuation of the osmotic value. 

On the fluctuation of the osmotic value in Polytrichum, above explanations may 
partly be applicable, that is, the curve representing the interval between February 
and August resembles to the pollacauophytic species. But thereafter, it is kept at 
a constant level for a fairly long while notwithstanding temperature falls and 
plants perhaps continue to mature. To this fact, the authors can not give, at 
present time, any suitable explanations. The descension in December seems to be 
caused by the same reasons as mentioned in the pollacauophytic species. 

In conclusion, at any rate, endohydric mesophytic mosses do not seem to 
represent so large seasonal fluctuation as pollacauophytic ones, as reported in the 
previous papers» 8), 

2. Through the results obtained from experiment 2, it is certain that the dry 
conditions cause anatonosis and the opposite conditions catatonosis, and that 
endohydric are not influenced so greatly as pollacauophytic species. This seems 
to be caused by the following reasons. Namely, the endohydric grows on soil and 
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has well-developed rhizoid by which it is capable of absorbing water from the 
substratum, and causing active transpiratory stream in itself. Therefore, when 
vigorous transpiration takes place in dry conditions, water is continuously supplied 
from the substratum until available water is exhausted, so the plants are not 
subjected to abrupt drying. On the other hand, pollacauophytes grow on the bark 
of trees or on rock, and the water capacity of the substratum is very small, and 
plants have almost no special characters to prevent their water deficit, and have no 
active transpiratory stream. Accordingly, when water supply from the environment 
stops, the plants are obliged to go to their dry phase in a short while2.®, 

Even the endohydric mesophytic moss is more shallow-rooted than endohydric 
vascular plants, so the former seems to be affected more strongly than the latter, 
and as we can see from Fig. 2, in Polytrichum, the osmotic value represents 
enormous ascension at the dry interval in July, and remarkable descension at the 
next rainy interval. 

3. By means of keeping air-dried in the room, Hedwigia distinctly causes 
anatonosis, and this may indicate also an aquirement of the drought resistant 
nature”, 

4. Through experiment 4, the accuracy of the data obtained from preceded 
experiments seems to be ascertained. Concerning the control, the osmotic pressures 
calculated from the corresponding concentrations of NaNO; and glucose solutions at 
incipient plasmolysis in the same plant are approximately equal; and this seems to 
prove that no obstruction suggested by Brauner exists. And this concept may be 
assumed to be applicable to the results obtained from experiment 1 and 2. 

On the other hand, concerning the results obtained from experiment 3, the 
refractoriness delivered by Patterson must be taken into consideration. On the 
-material prepared for the experiment, however, Patterson’s aspects on the re- 
fractoriness did not seem to be taken place when the leaves were immersed in 
NaNO; solutions because the plasmolysis were determined with large cells at the 
leaf-base, and because it took plase during less than 15 to 30 minutes. When glucose 
was employed as the plasmolyzing agency, however, undoubtedly the osmotic value 
was abnormally higher than the concentration of the cell-sap. This is presumably 
caused by adhesion of the cytoplasm to the cell wall, or impermeability of the outer 
layer of the cell wall to glucose; because, when the material is air-dried, the cells 
undergo to shrink adhering the cytoplasm to the cell wall, and undergo to shrink 
especially on the outer layer of the cell wall2; and this abnormality perhaps takes 
place more greatly in the individuals adopted at July time than in those at April time. 


Summary and Conclusions 


1. The osmotic value of a few species of mosses were determined to make clear 


the effect of temperature and moisture of the habitats. Measurements were also 


270 fa tm ME RR BB 67 Ae BS 797-798 F HAA 29 4B 11—12 A 


made with the material while they were kept air-dried in the room. 

2. The osmotic value seems to depend primarily on the grade of maturation 
of the plant itself, but it is affected also by moisture and temperature, contrary to 
the Bender’s suggestion. 

3. The osmotic value of pollacauophytic mosses are affected more greatly by 
moisture than endohydric mesophytic ones. 

The authors wish to express here their great indebtness to Dr. J6ji Ashida for 
his kind guidance and revision of the manuscript. Thanks are also due to Miss 


Emiko Tanaka for her assistances in the experiments. 
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Sargassum piluliferum C. AG. (Preliminary note) 
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Text-fig. 1. Patterns on parthenogenetic development in eggs of Sargassum piluliferum 


C. AG. a) A egg just after liberation. 
chromatophores. 


Eight nuclei of which are surrounded by many 
b) A egg without any treatment. 
degenerated, but no segmentation wall is formed. 


Some nuclei of which are already 
c~k) Eggs treated simply with the 


hypertonic sea water. Segmentation walls of which are formed, but neither nuclear division 
nor rhizoid formation are proceeded. I~o) Eggs treated doubly at first with butylic acid sea 
water and then with CaClo hypertonic sea water. Segmentation walls of which are formed, 
and further both the nuclear division and the rhizoid formation are proceeded. 
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Table 1. Percentage of parthenogenetic 
development in eggs of Sargassum 
piluliferum C. AG. 


Time of 
treatment | NaCl KCl CaClo MegClo 
in min. 
0x0 | O 0 0 0 
(Control) 


0x2.5 | 3.4 3.8 go a2 
0x5.0 | 2.3 46 11.6 4.3 
Ces 1:3 3.8 7.5 5.6 
0x300 | 3.1 5.9=—19.3 6.3 
25x25 | 24 Bee BO 3.6 
2.5x5.0 | 1.2 BT 2958 2.8 
2.5%7.5 | 3.4 4.8 85.6 2.3 
5.0x5.0 | 2.8 2e7 8.3 3.2 


Time of treatment is represented as to be 
2.0x3.5 if eggs are treated at first with butylic 
acid sea water for 2.0 minutes and then with 
hypertonic sea water for 3.5 minutes. 
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Summary 


In Sargassum piluliferum C. Ac., the liberated eggs were developed when they 
had been treated doubly at first with butylic acid sea water and then with CaCl, 
hypertonic sea water, resulting in the rhizoid formation. While, it was not so when 
they had been treated with the other reagents or with none. Therefore it is possible 
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that this development is the parthenogenesis and accordingly that the appearance 


of the polarity is not affected by sperm entrance. 


It is also possible that the 


calcium ion needs not only to accenturate the tonicity of the sea water, but also to 


make the developmental process easy. 
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Fig. 2. Diagram of the circuit for impedance measurements. 
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Fig. 3. Distribution of electric line of force through a 
Nitella cell (Diagrammatic representation). 
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Fig. 4. Equivalent circuit for an internodial 
cell of Nitella. 
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Fig. 5. Changes in impedance (Z7=Zpr—jZx) of an 
internodial cell of Niétella in 10-2M KCI solution. 
Measurements were done at the frequency of 1000c/s. 
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Summary 


In the present report a new method of analysis concerning the impedance of an 


internodial cell of Nitella is introduced. When we measure parallel resistnace Rp 
and parallel capacity Cy, with Wheatstone bridge method, the total impedance 
(Z=Zp—jZx) of the cell can be calculated from the following two equations: 


Rp 


2e= Tr aC PRE 
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Lh 140°C PR p2 


The resistance of cell sap (72) and that of protoplasmic membrane (r) are related 


to Zr and Zx by the two equations ; 
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Ge 


Generally the coefficient of 4Zy/Zx in the second relation takes a value of 0.74 but 
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it becom 0.5 when Zy is very small and it will become very large when Zx 
approaches the upper limit 2/wc3. With these equations we can follow the time 
course of changes in resistance under varied physiological conditions without 
subjecting the cell to any harmful effect. 

The temperature coefficient (Qj) at 20°C) of ionic conductivity of cell sap and 
of ionic permeability of protoplasmic membrane are 1.2 respectively and specific 
resistance of protoplasmic membrane is about 103 to 10!-2cm. These values are 
very near to these of squid giant axon cell. Although the resistance of protoplasm 
is very large when tap water is used as the external medium, it decreases con- 


siderably when concentration of external KCl increases. 
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Substitutive Effect of Ribonucleic Acid” in the Vernalisation of 
Raphanus sativus in Dark Culture (Preliminary report). 


By Yoshio TASHIMA” and Shun-chiro IMAMURA” 
HERA, SERRE: Raphanus sativus ORE L BRE M EV a [RD BG SB 


Received December 13, 1954. 


As reported by the senior author, the vernalized seedlings of Raphanus sativus 
can give rise to flower primordia in 40 days or more in complete darkness. Plants 


not exposed to low temperature do not initiate flower primordia during the entire 
experimental period, even though they produce as many nodes as the vernalized 


ones. In the course of further experiments along this line it was revealed that some 
of the unvernalized seedlings, cultured on media containing yeast extract, can 
initiate flower primordia in darkness. It seems that the action promoting flowering 
may be due to a substance or substances contained in the brewer’s yeast. Prelimi- 
nary experiments were undertaken to investigate the effects of ribonucleic acid and 
riboflavin on the flowering of this plant. 

Sterilized seeds were sown in test tubes. The basic culture medium contained 

% sucrose, 1% agar and minerals of the composition proposed by Wuitrre». ‘To this 
basic medium the substances to be tested were added in various amounts and 
combinations and autoclaved for 15 minutes under the pressure of 1.5kg/cm2. The 
test tubes were wrapped in black light-proof paper and placed from the start of 
experiments to September 15th in an experimental room at temperatures varying 
from 22 to 31°C. and there-after they were transferred to an air-conditioned dark 
room at 20°C. 

Table 1 represents the results obtained on November 5th. The number of plants 
examined was greatly reduced because of a fungous infection, especially in the 
experiment started on the 16th of August. Not a single flower primordium was 
initiated either in the control lots or the lots to which only riboflavin was added, 
though they produced as many nodes as the plants with added ribonucleic acid. In 
six experimental lots out of seven, whose culture media contained ribonucleic acid, 
some of the plants initiated flower primordia; 2 of the lots showed a significant 


difference in flowering response as compared with the controls. From the results 


1) Acidum nucleicum aus Hefe, MERCK. 

2) Laboratory of Forestry, Department of Agriculture, Kagoshima University. 
3) Laboratory of applied Botany, Frculty of Agriculture, Kyoto University. 
4) Y. TASHIMA: Proc. of the Japan Acad. Vol. 29, 271-273, ’53. 

5) P.R. WHITE: A Handbook of plant tissue eulture. 743 New York. 
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Table 1. 


Effect of ribonucleic acid and riboflavin on the flowering response of Raphanus 
sativus in dark culture. 


Denominator: Number of plants examined. 


Numerator : Number of plants with flower buds. 
Date of Average number of | Average pre ae of 
experiment nodes bearing the | nodes observed in 
Substance added - Total first flower in non-flowering 
VIII. 16)VILI. 22 flowering plants plants 
control (basic medium) | 0/8 0/29 0/37 — 12. 8+0. 36 
riboflavin 200ppm. 0/11 0/16 0/27 —- 12.340. 34 
RNA 100ppm. 3/5 LV Glee i fal/ 12.9+1. 06 10. 440. 58 
RNA 500ppm. 2/5 0/9 2/14 12.5+0. 50 10. 840. 49 
RNA 100ppm. 
+riboflavin 20ppm. 2/4 1/9 3/13 11.040. 58 11. 440. 93 
RNA 500ppm. 
+riboflavin 20ppm. — 13/22**| 13/22 Lie 5s 0742 Vv Lal 


* ‘significant at the 5 %% level. 
** significant at the 1 % level. 


obtained it is indicated that the metabolism of ribonucleic acid or its constituents 
may be involved in the process of vernalization of Raphanus sativus. 
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Shin-ichi HIBINO: 

1954 48 12 A 13 AAaeft 

Ih SFLO May TC Hake S AVPEO lL, 17 Tk 
#LOGHICI30>-C Marcello Malpighi (1675), © 
Nehamiah Grew (1682) 44ICLADCGHO, 
Malpighi O*nS (thi Mowe & BMMOR PE & 
REAMOLO LIL, SHE COMEN OBA 
Me BM Le. RICH SBBliHO Chok 

DBRILBAKACWAA CHS ELK OILMBED 
Reem CURVY ZIE LV AR ChOKS 

HATE WE NBR DS SAF 4c i CC NRT ih 
BET 4CL(MAD Dutrochet, {HO Unger, Wc 
Sachs IC k 0 RERICAR 2 wee LC RHE SH, 
#7 Hugo von Mohl (1856), Schwendener 
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LCRBS IONS. 

QFLO LL UCHR CHE He 4 OIE 
Hugo von Moh! (1856) OGF32G35. RILS 
FLO BARE 2 Ge, BEA PKICIESS & SLIDE 
S, PPEEOMMICET CAPAC SZC ESRRL 
CEORAXFLWMa CGuard cells) HA OUR 
EFEICZE < Turgescence ICE AZALOLEL, Wie 
BoD» 4 RFLO BAS FLIMD J NC EES 
SEBNMUAG CSubsidiary cells) P32 RMIGOM(t 
ORM SNSC Le RW. CHIEMS SI 
Schwendener (1881) (i224 FLAW AO MBI 
L SMFLOBAPAILFLIW Ald A HINT 38 It Hi 
HOPROEE S ZLULHRSBRA—-CHSCLIC LOC 
SFLOEA ¢ HELPLESS MAINT FB Ha 
SRB Re Rik L, M Haberlandt (tf 
DEO RIL ARE L Ct ORAS CH 9, 


* AALHA A 29 E10 A 28 ARRAS 
VC Bef Sate A AAAS 19 KSI 
It SHA MAO ARIE D ORIEe IMS 
LDCHSDo 

= Se 


Physiology of Stomata 
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A. Microscopic methods: 
1. Direct determination (H. von Mohl, 
1856; Schwendener, 1881, etc.) 
2. Absolute alcohol-fixation method 
(Lloyd, 1908) 
3. Collodion method (Buscalioni & Pol- 
lacci, 1902) 
4. Vertical illuminator method (Krasnos- 
selsky-Maximov, 1929) 
Cobalt-proof (Stahl, 1894) 
Infiltration method (Molisch, 1912) 
Injection method (Dengler, 1912) 
Porometer method (F. Darwin & Pertz 
1912) 


E/. Horizontal porometer (Kamorak & Lu- 
bynsky, 1930) 


F. Porometric self-recording methods: 


Hou Oo 


? 


1. Stomatograph (Balls, 19J1) 

2. Self-recording porometer (Jone, 1914) 
3 ” (Laidlaw & Knight, 1916) 
4. ” (Pinkhof, 1920) 
5 " (Bolas & Selman, 1935) 
6 ” (Metzner, 1935) 
7. Automatic recording resistance poro- 


meter (Gregory & Pears, 1937) 
8. Porograph (Hibino & Soma, 1939) 
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Fig. 1. Hibino-Soma’s Porograph Type II. 


A recording apparatus of the stomatal movement, for the 
use of very precise analysis of the movement, in which 
the graph is horizontally recorded. Here the manometer- 
and cup-parts of the porograph are not shown. 
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Fig. 2. Hibino-Soma’s Porograph 
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Fig. 3. Beside a solarimeter (s), a 
porograph-cup (c) is attached on the 
lower side of a leaf of a sugar cane plant 
in the open field. The recording appa- 
ratus of the porograph settled in the 
laboratory communicates with the cup in 
the distance. 
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HOC OFEZET S & & (SPEER Ch 
DT, PMZITKOMS GREG Cisv TC Hie ds 
COELPMBDLNS. 
1. HAMAR FE OM TICK< ESTE 
FL FIC HEL So 
2. TREO SH BOsWMlahe b WHA EE 
3 Ho 
3. FAL THE MOFMMISHIK 4D 
5140 
4, BAP BER CREA RRR IC BRI 2 ED 
BW OCKLAMMIID AIL AB 
bio 
CHORD b UC FLA OM tie 
FLOM ANZ et SICA RIE LOTCHRE LOC 
te <, BS < (EO REAM A bIMIC ts CE 
mick OBE 4 OD FWA IC HSS NS 
LDChHO, FMHMIIAK Lt—-CADEKIS 
BeASN, ONDA U CRIB OBR 
& OMILOBR & DK BASAARYACH 
45H EW5 SBRBSRSNA LCR. COS 
2ARRRTALOBRICMRNA Sayer OMCGh 


Do 


Sayer © Enzyme 29? 

Sayer (1926) (k Rumex patientia COV CH 
BEL, FLLMMIAIC PRIVATES 4 BEER — 
ESA MM CERRO) HICARTES Sin OBE 
RRR ADLOLBAK, COMMEFSZMO 
FETs S RAUE 

1. Mesophyll PORES 30 Bt F CEA 

Sa SASF OPES OFZ ee Wns 
CULPA 7 << EFS, 
2. Mesophyll FA OBSSSR (LAS THICA < shee 


WAT S AFLG D % OVAL 


3. Mesophyll PORERAIL MALS b 4 DFU 
MIDHO tL OIMAECH 0, Cha aa 
TZRHOBK LOC ZOABROEF AZ 
WE Mesophyll POBREGMA-GILZALARIT 
RAKE Co 

OX 5 HH 4 O CRIS FLIMSY SBE 

RITA OBR IAD LIC AEP Cis CA 
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ICHVAREOPER OY ZO-ClRin<, BAA Mid 
FIC IRIS(E REE DO SK RATE LE NAYMAVL 
CIR UCHOBL IMIS R BML CBEES 
“LUCRIULHS, SOIREE SnWIEAA 


(SEAS ZICBS 4 O' CBM O BIKA 


LEPOMMMALETC LCL b MILO 
Met OChSLEL, COMA’ Diastase 
(Amylase) Of0 F MHIIARAICLOCHRENS 
LOCHSZLIEL, BICC OMKROMS SS pH 
LOCHMEHNSALOESBAK MLC COpHoD 
AB(KIRHS F CO2- RMEPER ORV BR ITILELL 
CHP (EAORERE UC CO2 HANS VHERERD 
bpH(he/t 7, IG FICE Clk Photosynthesis 
LO COg HIHRLE CMI OME LSI pH 
(HRAITSo Hi LCL OD pH OBYLAHHO fe 
FBLA L CHC OWE IT LD. 
DEC UCHE SHALES BS SRT 
FACS emt So 

Sayer (% Small © Colorimetric DAY UT 
RNC HMO pH FMEUCKOL 5 HR 
yal t= 9 rate) 

pH | 3.6—4.0 | 4.24.4 | 4. 6—50 


RA, | FACS | Ba ae FACS 


Scarth Of#FiR 
Scarth (1927) (2&FLOEAEAZS Sayer OHO 
i< Amylase ICL SHCRHOMMRIRICTED 
CHS ETMITAS OME LEL, REAFLAOE 
OWI LO, Ld < BHC EArt ct 
(RAMEGHSZLHRL, YASH IAD H(LZe- 
brina pendula) VME E UCHR LK. AROR 
Ic KATES AILS ZBI MIA OR 
MLOCHUP CO? DIES RIE L OBS pH 
AHERS> MRC FLOMIIONE Colloid (iH 
WH Colloid & Kft ~X 4) (k Imhibition 
CL OKERIRL CALE A CEL, 
(EAB IE UC FUSE © ZICKRUCHORRHS ik 
wD PICEA CROC MRMIEES 
CO. HERI LU CREEL eo, MAIO pH WHO 
WN & ?e OMIA ZE Colloid (2734, BiB 
I Colloid O23 (Isoelectric point) pHYET 
IV Chih XL ¢ Mink UTAH AIO HICK 0 
AOE RMU CRAIREBSZCLLGSA. ii 
Liat C02 t-/SRRT SHSciieBAr 
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OREO MKC 33\ CHORE Colloid (X7kK{EL 
CHK BURGE LCI O ALE SEL, FROSSRTL 
EAS BEREF SOL L EA, MSSTLAB* 
REI-ERACKE, BUPPREFLT SCL ORS 
RACH St LE, Bc Pekarek (1933) 4C 
HE MIC OVC FLDMAD pH Pez LC Sayer © 
Enzyme i? Ge Scarth O(PERICHEL 
Xo WR pH WIE (HIZKROM< CHS. 


CHEF TF DRALO-F7 O FID AM MG LD 
CHRIST SE, COMBS UY b AWM ae 
TRER 2 BCE FMC EH LIED EE CH OM 
IO MSL2 OT GS << AULD F, ICDS 
So BIC OMe IO Hig Uc 4 Sh La 
DALY LS BOF, BAL BULT Se Lied ME 
TST S4LS A BRIRIR GF Fy PRRDKESA 
CWREBECNIKAB SO CEMA CLARA 
IES CC EO BAD BHA LIED & 


FLZMidO pH (ik 


RC, Rumex OF MID eb 


y | — m) | st iy, d 
ie cd) Se F ESSE | SP EAL We 8 BAS & es € Bi7p (ANG) AS Zebrina 
DF Wiha wHes 4 BE ie (2 Fl 

6.0—7.0 | 6.2—5.4 | Scarth “ui f4]0> [EGIL Colloid ai7k WEBEL 

; nNvile FUL 0 y 
Zebrina pendula | 69 54 | 5.04.8 | Pekarek Laks é iS 
Bees ALLIS h EF Fv PHER OBE 
Rumex acetosa 6. 2—5. 0 | 7.6—80 


Pekarek DAR BWI CHS A EGE RR 


D< UCHRIZEE Colloid O*{tKU iA 
(ERIC L SHAR LOB (tix Enzyme LS 
FAA KS AICS SRBC LIED 
SILO BRB s @LBZLDOLB2ko 

fRL Scarth OHBOBBRC BW CAEP 
Colloid #axAoORBASTIBRoOk, CORIKCH 
UT BGS - FH 1943) (LROMSRREEL, 
HORII X UROMSBRe UE LKo CAI 
LED RHED AAICOV CHES HIOKS THK 
ES2 LC t OEREORME A LHR to FAG 
Bsr) 

A) Rumex acctosa D RFF OFT EAILS &, 
LORERRHBIC LOCHRAEGNKHRAOG 
QUEZVER: (Micromanipulator) D Lic 2 AOi#M 
GeO cHelL, H=AOMHLUC1TORIO 
= VOAMMIO-Fxe BRIT Sx, FOAM 
FUR BERAOC, COMACAGICE 
HEIR LEBEAU CRRA ASLO Cie 
THAo BIChO— fl DFM & BERIT IU tv 
MAU & RICA ORR ROC TCIM FLILSE 
AICS SZ. HOMARILMWDCBAMIK LOCK 
Bt DFS Se BU UC WBE RG CS 
&RMAET AL OCH Y, GEOC Rumex acetosa 
OF DORMS DIC BeE ICHAT SbO 
EWUSNETSS_ 

B) Rie Zebrina pendula D3EX AIOE ¢ Al 
Bib OPUDTORUE BTID, Micro- 
manipulator Pict ORK KI & A) OBSOM 


Ch So HIT Zebrina DY FS IBWT 
(LEO FLD OM ILE EN Cltre <, TRB 
HOWEICLSZCLBMGCHS. CORMRCLO 
C Scarth 23 Zebrina WMTW EX ZORADW 
Mid D BAPAC t3t S(t BR OWBIK LS 
HOCHSTCELVA LK PMILICLCHSZE 
SILO BA < BE OFM dOW(EO Mechanism 
KBEBEWODG eMBcreagertcoo 
Case PHALBLASNS,. (AL—AMICILBBA 
ISBHES SbOMSB<( RBERO MIC EOWA 
tLUSHCTSSEBASUS. 

BRL < AN te SFL 4 BLOBS IX 
Tafi® Mechanism # f2p¥+ 4 DAHLE EIS 
L AIHtAERS < Gln S40 Lx SHE 
WOCULSZEWMDELMDNZD CHS. FED 
C Scarth OMFLOR< BOF Wildy HPA 
DIP MELED CHFPRO KAD Lh C b> OTH 
D FLAN CD aE L-e bk Bees OFA 
KL AMIKOUVEO mE SMRE UC OME: 
FANE Choo 


B. 7A (cds1¢ S Phosphorylase OFF 


JERE O BEE CH. C. Yin) (28M hb AMA 
HEX Lic, KeVREEEZ US Brood bean DIEXR FY 
DHS SBHNC Isc FLA OU EBC 
PLOKE, COKRLEAF & 0 Cv% Glucose- 
1-phosphate #@#t 4 Buffer medium CANE 
AR PUCHET EP ASC 4-5 AO RIC Vy 
C FLAW CR STD D BUR BD Se DH 
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ke, CHICK LUCHA Epidermis # 37s 4 Glu- 
cose, Mg-3#, 2xus Adenosin triphosphate © 
MS LIM ZC SIHX—- MIB Sigs. © OR 
THB ICFLWHGrHIC = Phosphorylase 24F7E 
PZCEXMPTSZOD CHS. HOC HWiMIO 
BAPAC WS LEAD 2 15 IC Ml A DRA 
CASAC $sL»C CO Phosphorylase 23t+O 
RAREST LOChH4S5 ERILBBLR ITIL 
KO/PUypp~K 1953) (& Tradescantia reflexa DF 
ewe FV. G-1-P & IN 2 cFLWMIAA OI ES 
2B UC MMIEA© Phosphorylase OhUR% 
fa * RN LA HAMAR < acts S FLY 
OWMRrBRECKRE Zilce Gl1P rIMNzat 
L<CMBOeBRSESCEAMRSZTCERA, & 
DYE DRILL DE BISIE AILO BAA & HALT 
FZCXURALK. AIC cD Phosphorylase O/F 
Falk pH KLOCHEKAWKHRSENS. 

7o< pH psbhiWwAT So SIE (LI O 
Amylase I k SNA HRAS k < FFdott pH Blt 
PMN Nie SEF ICL Phosphorylase ©f‘EAd' 
BR < BldnS. D< CHILOF—- H(z Phosph- 
orylase ICL Y, JRH-HRK Amylase (EACH 
0, HOI OOMSD: pH OZAYLICREO CEH L 
Amylase 23k 9 GR < (NT WRBELS << UC MSL 
(3642, Phosphorylase 2H Pw eA U CH 
FUIRAUC SAIC Sb OOM BrAGNSS 
Tots SRIC List Brassica oleracea De RRA 
ZANE CLT OF WAZ IX Chloroplast (Kr ¢< 
Leucoplast 2335 9 CAvICHIZiF Glucose, Fruc- 
tose, Sucrose, Inosit, Mannit, Glycogen # Jiil.% 
C 4 Starch &4: Utes, G-1-P WHITH S6Ble 
Starch 24b4: Sve OFLDisMyPI & Phospho- 
rylase MUAFT SO Le IWAEL IS FEAEO PIC 
DMN CLG BK ¢ fl Of MO FLAMIN 
EMonSecELEMS. 


C. AFLORMMBATL (CHET 


BO thitd OFARBEIC $3 C VILL HICSS, 
RAC S4 OL OMS2IEH Sh, MRICFL 
MAS HOR MM & Rie bo KR AT See 
DIET ICI SICAL EMO SEH Is 
VC, HEME LOC (LC RMIBA < RILOHAC 
t REACHES LEO [dt Leitgeb(1888) GOK, 
Rik + OW PHAM? BGO & 5 tebe py 
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OPEC LIZMIBALL (Nocturnal opening) ie T 4h 
DBHACLERHBUK. FOE F. Darwin (1898) 
(LRA L 75 HOMMORLO 13% (2K ALL 
RE Cipokcke, MZ Burgerstein (1920) 
(k 48 EO MAM 27 MORRO I~ 
10 FRO sVyC 33 RRISSCRICRAILY AU, 15 
PARSE AIL BAS BRO 4 OULSDEFLT S 
DRS 

TIBASL© RACKS UL - CLARE FE Te FE RR Te 
<, RUSHMORE C)a lL, SORA Le 
€ Scarth OAS (LEA HikORMNC VU SFL 
MUNI OUP ULIC L SIKSET A vy URE TAIT es E 
Z&kICEYD Plasma-colloid OfPHxeses = & 
DATOS, WAG OIE OIE OR FL 
OAT OeU Ws,  Stalfelt DHX (LEAD 
aye CRU Oe SBS ICS AS 
STE EW CWDS, BIABALLS < SEI 
te SHARire OPBCLOWC ASL * © Po- 
rograph CLOCKOMS Mik SBR MYDS 
KBHC UOPMBICOVM CILBICRIERKEOD 
— jae BIC slo C HEH LRT EE ECHADKICM 
iF So 
 OPRILEE ELI I8V CHD b OCH 
DDBEO Catilea D 1 HRC ARORBC RY 
CIVIL ¢ BAST, KHIOABRFLT 2 4 
DBb OK, BLOWN MBEL, ZORFLO 
BHEAER) 2 Porograph -¢ 10 Hifi oct 
Re aCe S te KD ORMA ILA ROR CA 
Deer, AFWee AIBIAILEASAL, KENCwRS 
LBASLt SARE HM CHANIA HE OFT. MIE 
Be THIh PoP % OEE L CHARI IRD TOE SS 
i LALA ORME COD S LIBERA RIS 
BNSC OWS OMMOAR SF KIT 3s 
Vt & MILLA PRBAD Teo 

ADD SAMS < TSE SORIXEAFLL EVO SG 
So RIC AAAI EOLEORMEE 2 EO¥ 
ERA HCC E GER Cs < b, ZOHO 
PRAL 0 RH ii LC RIL OPPRED Ele 
SUS BLT 4. PPZARYA-OBMCOS ff 
4 PET CS LIC LIROWRBt OMEBOSD 
WW, Cavede< METS LIC AFLAC HIS 
DARBIRMNC So Bk 5 te MRE LPSBAIL SIC 
Porograph @ HAV 70S WITHER OCHS, C 
DHERRIC LIVER OABAILT S Cattlea (LEO 


<5 ee Sore 
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ROP SH ORMEBES NRE OBIELD Sd 
WMEOOChH), BREMUCKIETHIIHER 
IRI > CBU BLY RT OCHO, BS 
RRO BASLISIEE << UCI ORC Le 
BES So DLH PREBSLA THK OFA 
By & Sate > RSE L SBAFLOR WITHA Y ORO 
Th (Time-lag) PBST SLA CLERAOE 
Do 

MHIDD4 Time-lag 2H AML V+5 HB 
OV CLR Ch OA, ERO Catilea D 
hoe (2—-MIC LR SHINS tL ERE 
Bb Es GROMRRHOREOR Ta ChS 
Os, BTL IASC ORHET Ogle ast 
DRS OMAR INCAS OR BSS LIS 
RCSL), B2ERHORMCSTD4BHROM 
SLOOREK, MIINONKARIC BET Sf 
SPO RIRCHSORMLET SO LICEATS 
LOMLBALSHNABM, PCCOHSOMBISE 
DALES SMChO, teisthoO bt e ze 
FHMC Cattlea DGS LURKS 
TS2BESbRSnNKO CREBFLE TAIL 
XD BAFLD Fe DITIDYF % OBITICIT FAH SIVSH 
CEDBUEMCHACLAMbMLROK, WICK 
&® Porograph (£4 AFH CRE 4 Bie bss 
FURRICBASLH 2 SALE AT SHANI 
DEG, AVY © HHA Re eAHHTAE), 
RICCI CHS EX BLT 44 CORAL 
DEBE Z OAH ZEF A 1~2 HA OTL 
LTE DYCGHSZ4EO&, VI~7%* VTA 
HFHYVAY H+ FY Fv ers Be) CGIBARK 
FED bo OPMRIGSAICH DRT cHEA~S 
HA(h BPR RBRIC 38> CBBEAT % ¢ A ORAS 
BARBI T OAs, RACER MCC 
HH, MICAS SASSRIAFLT ZBI 
FRA EH OSI UC APL FEEL, 
PAD ICE OMEN LAAROAAAWAxX FZ 
CLRAZOCHS, CEORMPALICHT OS 
WICOW Clit SH OKA BW CHRENT: HH 
FHSE=EB)o 

tes, RESBAFLO ROACH OARS Sim 
MANIC $C LCS, Bhs hele DAS. 
LIA OR MILE 2 BERHOPCS O46 ALT 
ZMML HSS, 4 F-APRACADY Vave 
YRA)o CHEORA COW clk ints FHC & 
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DAVES HO Catilea OHS & MIC FLA 
HUAN it Sp ARADO 5 SRZRHOWMEOR 
BANICARSCLELSLSNSMS LUM, 


D. bRIEIC k SAILORMIFLICHT 


HIT (RSFLIDIEK LOCH < BABSv.OS 
HOD, MHOMABMABBAL HS & AFUE 
USE EAL=SOMRE LOC Mb nk, Loft- 
field (LIL OPHIR (ZEAILO ARS DFM Clbie ¢ C 
OEIC LO BOM AMA TK HAV FL GI 
Tat RRO CIB & R CEAFLS ZICBZOCHS 
tM LED, CHIKARABDSS,. COICGE 
EOFS Nutman (1937) OSE ER 
ROMNCBIF SERIA ZAKS a-ueR— 
BENCISUC, LSID, JB Aka > ARSED SES 
REZ SHEKEL AD OF, BAZEL (MEX 
Sesh, COR, 2-e-MiRB< SKkRE 
aD L, ARICE OME MDT SGABE 
Ko MDE COp Ke Asa OMI L 
DCHBSHEKED CHS, 

FEILRFLD BEF Gregory-Pears ® Resistance 
porometer CAH) IC k 0 acsRL RO TOBE 
SETI HS 2—-—t —fllt BIEOr ANF -—AEF 
PHGUEIS 33> CHIT SDRC SV > C BILOBA 
FE(i Maximum (7 #éL, A3It2 Maximum (2 bS 
RULAFLORBEIME EL, BIC ASEORMS DEX 
cpe PP L3KAlH, SALOBAEEILHEUS Maximum & 
720, tela RAILO GABE thie AGO Maximum 
NMAC BW CLIOOWFHH Lk, Cee 
Pe EDMBAASBALKC BW CT yFARROWT 
Fie LTB Ic 4 RIT AFLBAEE © Maximum © 
LUASHSED Maximum O}(0 Filey cClO 
FAM Le, COLLAB 2-—& BERG 
LAF IC Hs Tk Shade plants OPEBRRATS|‘ 
DCO, JEICHIEE CIA AAIZABEA ETS 
fAMeeFSZLOCHYO, HizdO Nutman OF 
&, HAIER SS 2- & BLAIS 
fe}< Photosynthesis APLHESHAZDCh So 
Zlpy shady 73GMICLAT SIR CLO L 45 Ie 
= LAME 7eV>, Loftfield OV 5 IEF DAIL 
GAD FR AULIRILIE L SPENIABORER Ch SEW 
FOXLICMLTES, 2-E RNC BTOKDE Ss 
ZAOKRM OAM OOH ob ROC MMe 
BED JHB FO CBW PEE Cb RAUL SO 
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Ch S2rb HDG PO RAL ALR DVR D 
RD Clize <¢ HHICHADhHS EAM LR. DDS 
fJEZA(X Shade plants OFHt7e EC (SE EIS 
EER TNS SPACHS MAIC Khe SB 
PEM Ch DLEXAZDAAYIAZIYEYRARE 
BPA PEON BALL LIE DSGR < te SIGE CRATL 
TSR EOPSMICOIGH & LOENF CHA} 0 

fgets Nutman OPP3FIC Live 2 — & — bal (LGor- 
zinsky  Solarimeter (C k 43 OEIC sc A 
3EH3 1) 0. 7g cal/em2/min LI FO OYE CLS 
FLO BAREIZSEO RR SIC IEBIL, 2) 0.98 .cal/cm2/ 
min LI bh OFEGILRFLO BA IED HRS (KH 
$So 3) HICKS SHO Time-lag (t 3 GLIA 
GHS0k, MEK LOCH CKES Ae 
DP Ris FIED HR S BGM IULATLLE ICH 
BAC CeERBDE, WEOR < BOEIRRSLE AAS 
TRA 2 SATHIADRBRLDHAY $690 CH 
ZLBASNSD, CORMBOBCUW TLE 
FEB Ch YO, SROMPEIC KR EIMUMIE 
BIZW 


- AILORL CEI TSF OMO HERIOT 


1) deur Heath (1952) (2+ AY OMBMO 
FLILIMND BERRA 4 DBO 4 A PRRUNT DITA ER 
bbTicisk < HORM LOCRILUIS, HG 
PICRARAT SC eLRHEL, THOCHIRHOM 
JABAFLOPAFICHART SALT, STELARFLO 
PAFLUICKS LEI OPEB RAT SLD LAB AK 2M 
&< OK (Lloyd 1908, Linsbauer 1914, Kiim- 
mler 1922, Sawayer 1932) IWkOC COo BR 
BPSK Cis ch RADE EOCH CS 
EDM ote. COWS MIE CO2 B7evrre 
Did 0 RW EH Ch So THEO CHOBE bat 
@MxILC pH FAL S PS LIBAN, 
FEUS BY 2 BSH ee DC AFLY BAILS ALBA BH 
So 3) RAKWMEOR: Shh x D KMBRILO 
BAFLIC AMMA fe SBIERIC DDO MMIC vc ia 
CLOEMSH, SILOBAFLICI SG AMIR L 
UC (XSi 43 (Duhérain 1869), B-Cet, Bus F- 
U ® CXohl 1895), FRf435% CDarnein 1898, 2k xy 
Lloyd 1908), RIG OMe BMLTS LOU 
(i Combes 1880, Nobbe 1881, Henslow 18862 
Dd OPERBRECH OLB HNEOMRL FH 
SIEDR Se—-BIC LEAK CLE OCH CHE 
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Wo RAKED ROMBILIED RIFE DEES 
Hbn, MEL RICTA SEMOMS (HFN 
Ym) RHI UCHMEE SNL OChY, 
All Sierp 1933, Harms 1936, Pyrkosch 1936 
SOUR ILE -BMLRHR CHOC, ANGE 
OREO SRE OTM ICRA T SD 
WILE SFROFARIT LR E LOPE RA LIES 
& eR. MX Iwanoff u. Thielmann 1923 Ick 
& 530—400 mp. Ost GEE) RBA 
PIER Te & LADS 760—550 mp. Geez) (212 
RIK FSCS CEPBDKS HOCCN#ORR 
DoBASL, KOMIDRBKCHSEWH TLE 
CHARICE LUCK BA Ch SRR AAL 
OBAFLICK UC Ita Gee EV 5 CEE, SFL 
OBARAD DCG RC EBIC BERS eV E95 CLK 
So BTSZKELRO 1), 2), 3) D=DOPRIz 
SAFLO BREA DESHG C SEG DOD RES & OBSPEIC BE 
Reet SKBChS_. RbSDClLaMWICRILD 
BHEAIC MH < D> &V>2tX Lepeschkin 1938 23\>4 
Dan CStBEAO Coagulation iL, TO 
sGiatE (Permeability) #H9¢ 41.5 6 LAs 
DPOMRRB dT CBALOELSSZEWMLWY 
5 ROS 26N4, RULORRETe Mechanism 
OV TILE O KLAR C db S 0 

7 ts FLL OPEV IC BSS ZS 4 ayo 
BaP, UBEIEIC Ka BRO RBRIC OV Cite 
NF ADS SBE S. 


Il. FM OMRICBET 3 RMP RUR RAR 
hd OBIE 


IE OIC BS Lc (XBEIC HH. von Mohl 23&Fh 
HEBD OALARAIERS HS & FR) L ERIC ESE © JA 
DMFT SO LEUNCURS (OKA EOC 
ines STFC CL CHA (Leitgeb 1882, Darwin 
1904, Laidlaw & Knight 1916, Stalfelt 1929, 
Monji 1938), 38+ SIC RAL BIFLIC FLAS 
OWACS RAUNT A Le SO CHS, BH 
DEROMBERIC ID ¢ & 4 RR MISS SRE 
TIT OKA & RAL, BITC RARRERE Ss fe 


Hs Cid, FLIWMIIO RLY, LO} 


WIE % BMW IC He BMI BRAS & RALICHEE 
ANC PERI L CEO AAS OGET WUE AFTEIS 
VCHNS H, ABM RO CERWIN 
(ERIE, CStalfelt © 5% Bh KU (Passive 
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reaction) DIKE), RHOSKEA FH * Kiss 
ICR AM © A EX FLD BASLE Se 
te <, AMiWialrt OWES Lc AIC BSL 
KOiG5EG CRO KASH IX Hydroactive reac- 
tion) 2:3 9784, DEIR eC BROMO 
AKANE E ZBRIRARGRIC 38 3 S AFLBAAN OIRER GC 

Od, BULONEOMMOSKEDIE Ch OT, 
SEK IAD Bek 45 EBS ICAFLANEO AH 
od x EFL (Ee EU CBASLL, Pie 
FZULEAFLT 4 CAR OSCREE IR Photoactive 
reaction), 

MU UC FADD AIC & 4 BI Le 
Reihia & (ZO MIA ICSD © ERA RSAB 
DBAR(LBSS6N42; HHA cCAWinlg 
OBAFLWBIEIC tL Cs, TORRELCH 
EEO SAFLO GAREA SHI SNAKE CHS. 

RAICAILOB CC LRT ORB AR AWS 
OPI < SDL LENE SMA BAO 
< FAW —-ROMMIKC BV CBB EMRBEA 
&<, Zebrina |< BAAMS RA Colloid ofy 
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PUCK SWS LOL ONS, MR 
~ OBEN {EO RS 4 ~=Amylase, Phosphor- 
Ylase SOMA 2 bHS2, FLWithla 
ICaeKR Starch OMB ID SVE POLS 
OWNS (27 FshORMLPM LEDMLE SF, 
7 33 3062 GOGH © EPEC ES DERRIC OV 
CERF ROMER RT SEL CHS. RSI 
CCIE ERPBS ZC LMHS, SHIEK 
BLOKAKCLOCMBSHRTE<, HICKS 
AFLORMO RiStkHBWle kO Tiss IC MDT 
SHSTEG, I¥%OD Porograph Ck ASM 7e Use 
CBW CEEL<Y SLbNCIY, RUCILIRHO 
BAMBI I> CARES CS EDM SINCE G0” 
FED CFL DAL Asd» ¢ OFA < WGHICHWS HK 
DOHA DICT Se EBSRORS 
BER HAO—- LW dAstebeV, AIST 
At one? Plasma-colloid Offs 
OR, WLGOY RO GAED (ESIC BS Ai 
fe] > Fee BRASS FLO BAFLARBE IE Lk << BRS SPS 
CLARET RNY RT SKECHS0 


ar 


#19 WAS 

Hean 29 42 10 A 26 A OkK)~30 A CE) @ 
5 AKC bROC RMR DIRE Sk. HI 
3 AMIR, PBR, BRAC, BEA aAbL 
UBBORSE Ch IRD, THEMOUy—-A7Aye 
Lb OKA 4LRENKEOD, BESEN 400 
ROTPRANDS ROW b dO CAP HB Te 
BCR, HR TRIL BIA 245 £115 SRT 
DEOROC 4 SHAMHBMS NE, Md A BY 
BRE, BARA hae, C aR(t 
Be (SRUE"A) TRESS, D BURRESS CLS 
Wb RAKRSMROLO, COled, Keslaital 
UPB OD Te DERE 1 BSAA bite (Saw 
ILA LSZBRORFED SOT HH bLY 
RF Ch Olz)o MURIL—A 10~18:4> CHE & 
Db ORAS ETN SORDSICOE 10~ 
15 4F OAR ORFID d OB Te NDS FF 
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